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Problem solving had been the focus of numerous researches 
and studies in a considerable ranj^e of d o m a i n s . Results from the 
public examinations revealed that students in Hong Kong were weak 
in applying principles in solving physics p r o b l e m s . This study 
was geared to the question of how to improve s t u d e n t s ' 
understanding of the principles behind problems and their problem 
solving competence. 
From past experimental researches and simulation studies, 
qualitative reasoning was extracted as the mental process 
employed by successful solvers. Instructional tasks were defined 
based on qualitative reasoning. Instructional materials were 
designed to cover the mechanics part of the certificate 
in physics. 
A posttest-only control 这roup experiment was designed. 
Thirty —nine secondary 5 students were randomly sissi/?ned into the 
experimental and control groups and received remedial lessons 
over six weeks. A Two-way analysis of variance was employed to 
test the effects of qualitative instruction in solving physics 
problems. Results indicated that qualitative instruction was 
able to improve the sub.iects ‘ representation of problems that was 
based on physical principles and laws, but failed to improve 
their problem solving achievement and speed of solving p r o b l e m s . 
An average time of 29.8 s was recorded for the sub.iects to impose 
iii 
their representations on the problems. Latency measurements and 
Drotocol analysis from sub.iects indicated that efforts to ‘ 
retrieve information and knowledj^e should be prior to equation 
fitting and numerical substitution in order to activate the 
correct representation of the problem. The null effect of the 
experiment on the sub.iects' performance in problem solving was 
discussed. Protocol analysis showed problem solving features 
such as representation of problems, problem solving strategies 
and meta-oo^nition skills as reported in other literatures. 
Marks scoring was identified as one of the rationales behind 
their attention on equations and formula in solving problems. It 
also revealed that diagrams would provide important retrieval 
cues in solving problems. 
Results in this research indicated that qualitative 
instruction in teaching physics problem solving had a limited 
contribution amon^ secondary 5 students under the constraints of 
this study. The study was significant in demonstrating 
quantitatively and qualitatively that qualitative reasoning could 
facilitate students‘ understanding of problems at the early 
stage of problem solving. Students should allocate more effort 
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C H A P T E R 1 
INTRODUCTION 
1.1 Statement of the prnhlftm 
As a science teacher, my experience told me that it was 
considerably easier to teach factual knowledge than problem 
s o l v i n g . Many students reflected that even though they had 
studied very hard, they found tremendous d i f f i c u l t y in solving 
p r o b l e m s . 
On the other hand, problem solving was considered a major 
goal in the education e n t e r p r i s e . Dewey ( 1 9 3 8 ) emphasized the 
necessity of education that applied science to p r o b l e m s that were 
relevant to our life. Kozmetstz (1980)？from a historical point 
of view, pointed out education was preoccupied with preparing 
individuals to solve operational p r o b l e m s . Rief (1981) and 
Frederiksen (1984) thought that problem solving played a central 
role in all the sciences and in most other f i e l d s . F u r t h e r m o r e , 
there was an increasing need to teach problem solving skills to 
students who must adequately prepare to cope with a world 
characterized by growing c o m p l e x i t y , rapid change and an 
ever expanding knowledge base (Larkin & Rief, 1979； P i z z i n i et 
al., 1989; Stewart, 1982). 
Pizzini et al. (1989) argued that adopting problem solving 
as a primary goal of science education was problematic since it 
had been defined as a method of learning as well as an outcome 
1 
of learning. The focus on the solution of the problem and the 
implicit nature of problem solving skill presented a great 
obstacle for students to acquire the proper knowledge to tackle 
problems in their study (Wright, 1986). M o r e o v e r , the means of 
achieving this goal was far from obvious through ordinary 
classroom practices (Rief, 1981; Aron, 1981). 
The most common approach in teaching how to solve physics 
problems involved exhibiting illustrative examples of problem 
solutions and then providing students with practice (Rief, 1979; 
Mak & Tao, 1987). However, in this case, most students simply 
repeated the steps demonstrated by the teacher without 
comprehending the structure of what was being done (Wright, 
1981). 
Comments from the Examination Authority (Appendix A ) on how 
secondary 5 students solving physics problems are illustrative. 
Here are some of them: Candidates 
1) were weak in procedural knowledge in measuring 
physical quantities, 
2) were weak in the principles of solving problems, 
3) inclined to apply formula by chance and get the 
answer. 
2 
These comments showed that students focused on the 
n u m e r i c a l answers in solving p r o b l e m s . Some of them simply 
selected a formula or an equation with a v a r i a b l e which matched 
some of the information presented in the p r o b l e m . For most of 
them, although they could work out the answer c o r r e c t l y , they did 
not understand the p r i n c i p l e behind the p r o b l e m . 
Q u a n t i t a t i v e solutions were n u m e r i c a l s o l u t i o n s derived from 
substitution and manipulation of e q u a t i o n s and formulae in 
solving physics problems (Tao & M a k , 1987), while m o s t 
q u a l i t a t i v e solutions were n o n - n u m e r i c a l s o l u t i o n s . Q u a n t i t a t i v e 
reasoning was based on formulae and e q u a t i o n s in contrast to 
q u a l i t a t i v e reasoning that related p h y s i c a l q u a n t i t i e s and 
physical process (Forbus, 1984, A r o n， 1 9 8 1 ) . 
Students ‘ focus on q u a n t i t a t i v e s o l u t i o n s was not too 
surprising when we compared the solutions demanded in the 
examples and problems in m e c h a n i c s from two common c e r t i f i c a t e 
Physics textbooks used in the Hong Kong school (Appendix B ) . 
The number of q u a l i t a t i v e and q u a n t i t a t i v e solutions showed that 
the latter, which reinforced students attention on the n u m e r i c a l 
answers in solving p r o b l e m s , was o v e r w h e l m i n g . Repeated 
practices often produce rigidity in the way that p r o b l e m s were 
solved (Frederiksen, 1980). 
M o r e o v e r , Aron (1981) thought that t r a d i t i o n a l instructional 
materials offered little help to overcome s t u d e n t s ' d i f f i c u l t i e s , 
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^nd Rief ( 1981) commented that sufCgestions such as independent 
d i s c o v e r y and group discussion strategies were neither effective 
nor central to the q u e s t i o n . 
The existence of coherent knowledge structure in a 
particular area among experts (Chi, Feltovich & G l a s e r , 1 9 8 1 ) was 
characterized by imposing a deep representation on a problem by 
the problem solver. This was the key to s u c c e s s f u l and efficient 
problem solving (Larkin, 1983； Rief, 1983). Despite the 
difference between experts and n o v i c e s in how they organized 
their knowledge, Larkin (1983) found out expert problem solvers 
apply q u a l i t a t i v e reasoning to arrive at an initial 
representation of the p r o b l e m . 
Noting the importance of the initial representation of 
！ 
•I 
j p r o b l e m s , which facilitated the activation of a problem schema 
^ (Ton de Jong & H e s s l e r , 1986), it was suggested that the way 
which experts solved problems should be d i r e c t l y taught to the 
I 
students (Larkin, 1979). The key question of how individuals 
came to a good representation of a problem lay in the way how 
problem solvers applied q u a l i t a t i v e inference. Forbus (1984) 
illustrated through the implementation of a computer program that 
qualitative knowledge could guide the process of choosing the 
right p h y s i c s , and this led to the idealization of abstract 
physical principles as experts mastered in solving p r o b l e m s . 
Qualitative reasoning in physics provided a feasible path 
4 
to activate the principles behind the problems. The problem 
statement of this research was to determine whether instruction 
that was based on qualitative reasoning in certificate physics 
could 
1) improve students‘ problem solving competence, 
2) induce the shift from a novice's knowledge structure 
to that of an expert‘s among students, 
3) speed up students‘ search for the solution to 
physics problems. 
1.2 Significance of the study 
This study had the following significance: 
1) It provided empirical evidence to support theories 
of problem solving. 
2) It examined the effectiveness of an instructio.n which 
was based on qualitative reasoning in solving physics 
problems. 
3) It was applicable to daily teaching activities and 
had the potential to improve our teaching and 
to enhance students‘ problem solving competence in 
physics. 
4 ) It attempted to quantify the time taken for a secondary 
school student to arrive at an initial representation of 




REVIEW OF LITERATURE 
2.1 Literature related to students' misconceptions 
From a cognitive point of v i e w , research in learning was 
concerned with the factors and variables that influenced change 
in human performance (Shuell, 1986) . Earlier educational theory 
emphasized that learning could occur when we started from the 
already acquired knowledge of the students (Gagne‘, 1965). Since 
solving physics problems required the application of knowledge to 
arrive at the correct answer, a great number of research 
studies had been carried out to probe into the concepts of 
Mechanics among students. Eylon & Linn (1988) categorized these 
efforts as concept-learning perspective in science research, 
aiming at the characterization of s t u d e n t s ' topic-related 
understanding of scientific concepts. 
By studying how a group of elementary school students 
learned to control a computer-implemented Newtonian object on the 
monitor, DiSessa (1981) revealed that children held a uniform 
collection of strategies. Students thought that objects should 
move in the direction that they were last pushed, what the author 
termed an ‘ Aristotelian‘ view on the motion of objects. 
Maloney (1988) wanted to find the rules which non-physics 
undergraduates applied to predict the motions of projectiles. 
6 
The author found that the subjects‘ usage was quite feasible, but 
essentially unable to abstract all the tested situations 
involving the same type of motion. They treated each situation 
uniquely with no need to correlate a rule on one task with the 
rules on related tasks. Furthermore, they developed their rules 
from a consideration of the surface features, noticing the 
differences in the objects, the speed of the stream and so on. 
They adopted a local perspective rather than a global one. 
For students without any formal training in physics, these 
concepts and rules were termed 'naive concepts ‘ . Halloun and 
Hestenes (1985) argued that these concepts were obtained from 
students‘ own system of beliefs and intuitions about physical 
phenomena, and derived from their own extensive personal 
experience (Clement, 1983). 
Furthermore, Clement (1983) identified 'error' concepts in 
mechanics such as 'motion implies a force'• These 'error‘ 
concepts did not disappear readily. Newtonian ideas were simply 
misperceived or distorted to fit their own existing 
preconceptions. In simple w o r d s , students' intuitive models of 
mechanics were usually structured differently from that of 
physicists. 
White (1983) investigated the knowledge of 40 high school 
science students about force and motion. The result indicated 
that students only partially understood the formalisms of 
7 
Newtonian physics. The most significant finding was that 
students applied the knowledge of scalar mathematics to vector 
mathematics. 
Au Yeung (1989) studied the common misconceptions on force 
and motion held by secondary school students in Hong K o n g . The 
results indicated that the subjects still possessed a great 
number of misconceptions on force and motion after formal 
instruction. Also, most of them could not link the formal 
knowledge with qualitative problems. 
Aron (1981， 1983) observed the difficulties students 
encountered in an introductory physics course. He concluded that 
their difficulties were derived from the weaknesses of a number 
of basic reasoning patterns . To remedy these w e a k n e s s e s , he 
proposed a list of instructional tasks which included verbal 
interpretation of the ratio of two numbers, graphical 
representation, ideas first and name afterwards, translation of 
symbols into words, description of phenomena in words, 
recognition of inapplicability of formulas etc. These findings 
meant that instructional tasks should emphasis qualitative 
reasoning prior to quantitative, numerical manipulation of 
equations and formulae. 
Students‘ hidden common sense beliefs about physical 
phenomena produced a large negative effect on their 
understanding of proper knowledge (Halloun & Hestenes, 1985). 
8 
Information presented in the classroom might frequently be 
misinterpreted and distorted to fit their own naive view 
(McClockey, 1983). Student's incomplete knowledge was revealed 
in their poor problem solving performance (Clement, 1983; 
Maloney, 1988). Their incoherent knowledge made them utilize 
diverse components of their knowledge rather than a coherent 
strategy in solving problems. 
2.2 Literature related to problem solving 
Pizzini et al. (1989〉 defined a problem as a condition 
when there was an imbalance between the concepts inherent in the 
problem situation and the conceptual schema of an individual. 
Chi & Glaser (1981) and Tao (1989) defined problem as a 
situation in which you were trying to reach some g o a l . Simon 
(1973) considered that when an individual accepted a task but did 
not know how to carry it out y e t , as confronting a problem. 
Greeno (1973) stated that problem solving was the s u b j e c t s ' 
effort to find a way of transforming the initial situation, or 
given variables, into the desired situation. 
Problems were classified as puzzle problems and domain 
problems by Chi & Glaser (1981). Tao (1989) had similar 
criteria, and classified problems into toy domain and formal 
domain. Examples of the former included Tower of H a n o i , matches 
problem etc., which were mainly games or problems of interest. 
9 
These required very little background knowledge, and yet could be 
very difficult to solve. On the contrary, formal problems 
required very specific knowledge and heuristic skills to reach the 
goal. Most arithmetic problems and problems in physical science 
were classified into this category (Simon, 1977). 
From the information processing m o d e l , a problem basically 
consisted of three parts, i.e. the initial state, the goal state 
and the problem space. To solve problems, three g e n e r a l 
strategies could be identified : means-ends analysis, working 
forward and working backward (Chi & G l a s e r , 1981; H e y w o r t h , 
1989; Simon, 1977). 
Greeno (1973) gave a hypothetical representation of a 
problem in cognitive structure and suggested a general model that 
accounted for the processes involved in solving a problem as 
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Fig. 1: Greeno‘s cognitive structure of problem and 
stages in solving a problem. 
10 
% 
Simon (1973) suggested a similar m o d e l which consisted 
of four phases in solving a problem as shown in Table 1. 
Table 1 




2 Perception in problem solving ' 
3 Generation of problem representation 
4 Solve the problem 
I Pizzini et al. (1989) suggested a four stages model as 
I shown in Table 2. 
Pizzini‘s model of problem solving 
Sequence Task ‘ 
1 Accepting and understanding the 
problem 
2 Planning a solution 
3 Implement the plan 
4 Test and check the solution 
11 
0 
The three models listed above all had similar features. In 
solving problems, the solver had to have a package of knowledge 
including the declarative knowledge that enabled one to read text 
and to interpret concepts. It also included the procedural 
knowledge that enabled one to construct a solution plan and to 
carry it out. Stewart (1985) suggested that problem solving was 
based upon a combination of conceptual knowledge and procedural 
knowledge of problem solving strategies. It was referred to as 
the problem schema (Frederiksen, 1984； Stewart, 1985； T a o , 1987). 
In solving science problems, the conceptual knowledge of a 
discipline and the procedural knowledge related to problems 
determined what problem space would be constructed by the problem 
solver. The quality of this package of knowledge and the schema, 
j were essential to the speed and success in arriving at the 
I • 
！ 




2.3 Literature related to differences between experts and novices 
Larkin (1979) presented a format for conducting problem 
solving research in physics education. The process to be carried 
out included: 
1. observe in detail the processes used by experts when 
solving problems； 
2. abstract and summarize the essential features of 
these processes； 
3. directly and explicitly teach these processes to 
12 
students. 
C h i , Feltovich and Glaser (1981) asked eight PhD students 
and eight undergraduates to sort 24 physics problems from a 
textbook on two trials. Cluster analysis showed that experts 
imposed a representation of the problems based on the physics 
principle governing the solution of each p r o b l e m , what they 
called from a 'deep structure‘, while novices categorized 
problems based on the ‘surface structure ‘ of the problem. The 
surface features included the physics terms mentioned in the 
problem, the physical configuration described or the goal of the 
problem. 
Larkin (1983) analyzed the protocols of an expert and a 
i 
.；： 
I novice in solving dynamic problems. The expert imposed a 
I physical representation and the novice imposed a naive 
representation before carrying out the procedures to solve the 
problem. Caillot (1985) reported similar results in the area of 
electricity, that experts categorized problems by physical 
principles. 
Wender & Wagner (1986) thought that the gaps in a text were 
filled by inferences. In problem solving, the gap lay between 
the initial state and the goal. Studies on how experts and 
novices solved physics problems showed that they inferred a 
relationship between the solution and the problem by imposing an 
initial representation on problems. Simon (1973) considered a 
13 
I 
丨 representation was the problem solver‘s way of describing the 
！ actual problem task environment in his m e m o r y . 
i Larkin (1983) reported that both the expert and novice used 
qualitative inference rules . The differences were the entities 
‘involved in the representation. The initial representation was 
important in the way that the quality of the solution would be 
I determined by the adequacy of this problem representation 
(Frederiken, 1984) . White (1989) also thought that an abstract 
representation was a powerful abstraction that enabled one to 
reason about the key aspects of a domain in an economical and 
generic form. And the crucial question was what was the 
I instructional means which enabled students to master a good 
i Ii 
丨 representation of problems. 
I 
About the strategies employed by subjects in solving domain 
specific problems, Larkin (1983) found that once experts imposed 
a physical representation of a problem in p h y s i c s , they then 
worked straight forward to find the solution guided by the 
principles behind the problem. While in general, novices 
employed means-ends analysis to search for the solution. 
Dufresne (1988) explored how experts, as well as good 
novice problem solvers worked out the solution in p h y s i c s . The 
result indicated that physics principles guided the ； reasoning 
of experts almost exclusively and that good novices differed from 
the experts and from each other in the degree to which they used 
14 
1 
！ these principles. 
I 
， 
J Ton de Jong & Ferguson-Hessler (1986) investigated the way 
； 
I knowledge was organized, under the assumption that knowledge 
‘structured in memory was generally related to the degree of 
I 
i success in problem solving. In their study, physics problems in 
'I 
electricity, electromagnetism and electromagnetic induction were 
i 
written on cards and subjects were asked to construct coherent 
piles of cards. A hierarchical cluster analysis was conducted 
and they found that good novices sorted problems on principles 
against poor novices on surface features. And they concluded 
that an organization of knowledge around problem types might be 
highly conducive to good performance in problem solving. 
I 
Hardiman, Dufresne and Mestre (1988) investigated the 
I relationship between problem solving ability and the principle 
used to determine whether two classical mechanics problems could 
； be solved similarly. The result revealed that novices who relied 
predominantly on surface features differed from novices who made 
greater use of physics principles. The latter were able to score 
higher in problem solving. 
Dufresne C1988) reported that among novices, the criteria 
employed to classify a problem were related to reasoning with 
principles. There was a significant positive correlation between 
the frequency of attempts to reason with principles, and problem 





‘ It was interesting to mention another study by de Jong and 
Hessler (1990) who reported a d i f f e r e n c e between experts and 
novices apart from how they classified p r o b l e m s and the way they 
solved p r o b l e m s . They asked students to read from a p h y s i c s 
textbook and observed in d e t a i l their reading b e h a v i o r . A g a i n , 
the result showed that experts applied more deep processing than 
poor s t u d e n t s . They paid more attention to p r o c e d u r a l , 
situational knowledge while poor students concentrated mainly on 
declarative k n o w l e d g e . 
The research reviewed above showed that experts were 
characterized by having better knowledge structure in a specific 
d o m a i n . Their knowledge was clustered around p r i n c i p l e s and laws 
in that d i s c i p l i n e . When confronting a p r o b l e m , they were able 
to impose an abstract representation of the problem situation 
from the principles behind the p r o b l e m . Such initial 
representation triggered p r o c e d u r a l knowledge leading丨 to the 
solution. These findings explained why experts were able to solve 
problems better and faster than n o v i c e s . A l s o , n o v i c e s who made 
more use of the physical representation were able to solve 
problems better. 
Despite the success of research in identifying the 
characteristics of experts, their instructional implications were 
far from obvious. Experts‘ efficient ways to solve p r o b l e m s were 
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explained in terms of their years of learning and experiences 
(Glaser, 1986; W o n g , 1989). On the other hand, Larkin (1979) 
proposed a pragmatic direction of research in problem solving 
through a depiction of experts‘ problem solving process in 
physics education. 
2.4 Literature_related to teaching problem solving 
Knowing the quality of knowledge of students and their 
problem solving b e h a v i o r , intervention to improve students ‘、 
problem solving ability could be summarized into the following 
four areas: 
1) efforts to correct s t u d e n t s ' wrong concepts in a 
specific domain； 
2) efforts to improve students‘ knowledge structure in a 
specific domain； 
3) explicitly teach strategies employed by the experts 
in a specific domain; 
4 ) teaching of general problem solving s t r a t e g i e s . 
Ridgeway (1988) investigated the misconceptions held by 12th 
grade physics students about the concept of m o t i o n . The 
investigator sought to correct misconceptions resulting from the 
standard classroom approach. After instruction, m i s c o n c e p t i o n s 




Rief and Heller (1984) formulated a theoretical model and 
'I 
I tested the hypothesis that human problem solvers could generate 
I useful initial descriptions of scientific problems through a 
i description of the p r o b l e m . The subjects were deprived of the 
i naive theories and misinterpretation of the problem through such 
I instruction. The result showed that the subjects were able to 
t 
, g e n e r a t e explicit and correct descriptions of the motion of the 
1 systems. These markedly facilitated the subsequent construction 
of correct problem solutions. 
Rief (1981) taught an explicit procedure specifying the 
j physics concept, 'acceleration‘. The students were then required 
H 1 
j to diagnose and correct mistakes of their own, and among 
i \ 
I themselves, about this concept. The experimental effect was 
！ significant in improving their problem solving achievement. 
( 
� 
j So much about efforts to improve the problem solving of 
！ students through a conceptual guide or correction activities, the 
I next approach was to enhance problem solving through different 
presentations of information. It was assumed that information 
required to solve the problem could be activated readily, or 
problem solving procedures could be searched for easier. 
Eylon and Rief (1984) experimented on the effects of the 
organization of knowledge which was structured hierarchically at 
different levels of details. It demonstrated a significant shift 
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I in producing the desired organization of subjects‘ internal 
f 
I knowledge structure. H o w e v e r , poor students seemed less able to 
1 
i 
I assimilate the desired pattern• 
4 The interaction between internal mental m o d e l s , attention 
i cues, and knowledge structure, were studied by Anzai and Yokoyama 
I (1984). They thought that attention was the process of shifting 
the present internal representation to another, prompted by 
external stimuli. Experimental results supported that problem 
solvers‘ generation and shift of internal models were deeply 
related to attention cues^ and their knowledge structures. Cues 
could readily cause the shift of mental representation under two •] -
\ conditions. Firstly, subjects must have the ability to attend to 
I 
and encode specific cues. Secondly, the knowledge pertained to 




Moreira and Santos (1981) studied the difference in using 
alternate approaches to the content of thermodynamics in an 
introductory physics course. One of them was based on the 
traditional organization found in most textbooks and the other 
was based on Ausubel's learning theory. Word association test 
and hierarchical cluster analysis were employed to probe into 
the change in knowledge structure of the subjects. The 
experiment reflected that the new approach positively influenced 
the cognitive structure of the students in a way that their 
conceptual hierarchies were more coherent with basic laws • 
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Latzine (1990) studied the effects of various conditions of 
external problem p r e s e n t a t i o n , characterized by the use of 
i dynamic models, for solving a dynamic optimization problem in the 
I field of pharmacokinetics. The presentation extent and the 
r丨 presentation form of the model structure were varied and the 
i effects on problem solving behavior were observed. A 'high 
presentation extent' resulted in better problem solving 
performance and more frequent retrieval of model-related 
presentations. 
Larkin and Simon (1987) distinguished sentential 
j representations, which contained sequential information as in a 
/ 
text, and diagrammatic representations, which contained 
information indexed by location in a p l a n e . The computational 
！ efficiency of two equivalent information representations were 
compared by means of simulated computer p r o g r a m s . The result 
f 
suggested that problem solving could proceed through a smooth 
transversal of the d i a g r a m , and might require very little search 
or computation of elements that had been implicit. 
Omasta and Lunetta (1988) . tested the effect of an 
instructional strategy which was either a local approach 
involving numeric solutions or a global approach involving 
information plotted on graphs. Instruction integrating these two 
approaches was used against conventional physics teaching. The 
experimental group showed better achievement in problem solving 
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than the conventional group. 
Larkin et al. (1980) developed two computer-implemented 
models to solve physics in ways of competent human problem 
solvers. These m o d e l s , in the form of production systems, took 
into account the limited capacity of the working memory of human 
I problem solvers. Means-ends-analysis, and working forward 
I strategy, were designed for the two models to solve p r o b l e m s . 
The simulated model outcomes were compared with protocols from 
the able and the less able problem solvers. The results 
indicated that the two models provided a good account of the 
I 
order in which principles were applied by human problem solvers. 
Dumas-Carre and Caillot (1989) designed cognitive aids to 
guide students through the process of problem elaboration by 
I using intermediate representations. Four cognitive aids included 
i 
I ： goal analysis; motion analysis; event strips and body 
1 
j interaction d i a g r a m s . When these were applied in daily problem 
solving sessions, the results indicated that they were successful 
in facilitating problem solving. 
. Martin and Kinnear (1989) studied why students could not 
solve problems properly. The author developed a computer program 
that structured the process of problem solving which prevented 
premature implementation of the steps to solve the p r o b l e m . 
Subjects confronted with such a program showed better attempts to 





text or paper. The results indicated that students might be 
I 
i unsuccessful problem solvers because they initiated procedures 
."5. 





Rief et al. (1975) raised the problem of teaching general 
''4 
^ thinking skills through a specific science course. The general 
I 
！ thinking skill chosen was the specific tasks required to 
I 
I 
s "understand a relationship‘. They first analyzed the various 
abilities needed for understanding a relationship. The 
experimental group was taught in the context of physics and 
showed that such general cognitive skill was successful and could 
% 
be transferred to areas outside p h y s i c s . Brackett et al. (1985) 
devised general problem solving strategies which were taught 
explicitly to students. 
！ Conventionally, problem solving was generally considered to 




1. suggested that problem solving might interfere with learning in 
1 
the way that these two cognitive activities overlapped 
insufficiently. Traditional problem solving strategy in the form 
of means-ends-analysis required a relatively large amount of 
cognitive processing capacity which was consequently unavailable 
for the acquisition of problem solving schema. A computational 
model was developed and the outcome supported the contention to a 
great extent. 
Past research in teaching problem solving showed success in 
22 
a number of experimental situations. Efforts included those 
which were geared to the concepts of students (Ridgeway, 1988； 
Rief, 1981) ； presentation of knowledge in an organized structure 
(Eylon & Rief, 1984； Moreira & Santos, 1981); cued activation of 
the appropriate schema in the presentation of problems (Anzai & 
I 
1 Y o k o y a m a , 1984； Larkin & S i m o n , 1987); and finally g e n e r a l 
I problem solving strategies (Dumas-Carre and C a i l l o t , 1989; Rief 
et al. 1975). 
Besides experimental studies, the computer was another 
important research tool (Larkin et a l . , 1980; L a t z i n e , 1991; 
Martin & K i n n e a r , 1989). The dependent variables of these 
experiments included achievement in problem solving, mental 
structure and the quality of the s u b j e c t s ' solution p a t h s . 
‘ 
!•• 2.5 Literaturft related to qualitative reasoning 
I • 
•I • 
i Aron (1982) and Hewitt (1983) initiated the training on 
� 
• 
students‘ qualitative reasoning through the improvement of 
students basic operations in science reasoning. A comparison of 
the qualitative and quantitative reasoning power of a group of 
senior secondary students in Hong Kong in solving physics 
problems showed that the former lagged behind the latter (Mak & 
T a o , 1987). In this study, several qualitative reasoning 
strategies were identified that led to the success in solving 
qualitative p r o b l e m s . Au Yeung (1989) also found that students 
were weak in solving qualitative problems too. 
23 
On the other hand, efforts by de Kleer (1977) and Forbus 
(1984) on qualitative p h y s i c s , initially were applied to guide 
the solution of textbook physics p r o b l e m s . Since then, research 
in qualitative physics had been concentrated on purely 
qualitative reasoning with the goal to capture the mental models 
I of how scientists and engineers could be employed to solve 
I realistic problems (Skorstand & Forbus, 1989). Basically, this 
research was based on the Qualitative Process Theory proposed by 
Forbus (1985), which provided the means to integrate qualitative 
and quantitative knowledge to solve physics problems. 
de Kleer (1977) wrote a program named N E W T O N , applying the 
following organization of strategy as shown in Fig. 2 for which 











Fig. 2 : NEWTON's strategy in solving 
mechanics problem (de Kleer, 1977). 
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In simple w o r d s , the program tried to depict a mental 
I process in solving a dynamic problem by first visualizing how a 
I physical system changed with time, then applying q u a l i t a t i v e 
i • 
inference to select a principle before searching for a 
i quantitative r e l a t i o n s h i p . M a t h e m a t i c a l manipulation was the 、�
last step in the m o d e l . 
2.6 T.iheraturfi related to protoGol analysis in problem solving 
* 
The application of computers to investigate problem solving 
had two facets. F i r s t , it tried to construct and to test 
hypothetical men七al models in solving problems (de K l e e r , 1977; 
Forbus, 1989). Secondly, it tried to simulate the problem 
solving behavior of humans (Larkin & McDermot七， 1980; Simon, 
1973). The detailed step by step problem solving behavior of 
humans was collected by their 'think-aloud‘ prot o c o l s . 
A protocol consisted of a stream of v e r b a l comments 
constituting a part of the solution path in solving p r o b l e m s . 
The analysis of these utterances was called protocol a n a l y s i s . 
It focused on the detailed process involved rather than the 
outcomes in solving problems. In,analyzing p r o t o c o l s , patterns 
were abstracted and sequences of action were inferred in a 
continuous stream of behavior (Byrne, 1983). Protocols also 
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provided evidence for psychological reality (VanLehn, 1991; 
Tarmizi & Sweller, 1988). They were collected to match against 
the outputs of computer models in solving problems. (Larkin & 
McDermott, 1980). 
A differential objectives of protocol analysis could be 
identified from past research. One major purpose of protocol 
analysis was to compare the qualitative differences between 
experts and novices in solving problems (Ingebretsen, 1989; 
Larkin, 1983; Camacho & G o o d , 1989). Also, it was employed to 
abstract knowledge structures and problem solving strategies of 
subjects (Heyworth, 1989; W o n g , 1989; Tarmizi & Sweller, 1988). 
Not only was a large chunk of knowledge inferred and identified 
from protocols, but also the occurrence and characteristics of 
the rule acquisition events in the discovery of problem solving 




3•1 Theoretical framework 
Research in problem solving showed that the performance of 
problem solvers depended on two major factors, i.e. the amount of 
knowledge and the quality of knowledge. In solving physics 
problems , a number of students encountered difficulties partly 
because their naive theories inhibited their acquisition of 
proper knowledge in physics (Hestenes 1985; DiSessa, 1982; Linn, 
1988; Clement, 1981; McCloskey, 1983). These naivie mental models 
were incompatible with formal physics. They interfered with 
learning (Alexander and Judy, 1988), and contributed to students' 
poor performance in solving problems. 
i i 
Larkin and Rief (1979) observed in detail how novices and 
I • 
experts solved a dynamic problem, and formulated a basic model of 




^Problem solving models of experts and novices in solving 
M8L dynamic problem (Larkin & Rief, 1979) 
j. ^ _ _ _ ^ 
f} Novices ‘ Process Experts ‘ Process 
4 
I 
I Construct original Construct original 
i description description 
1 Construct mathematical Construct low-detail 'physical‘ 
』description description or representation 
li Identify and apply Select method 
relevant principles 
Select key a s p e c t ( s ) of 
)；Combine equations to eliminate problem 
f| undesired quantities 
I Apply main principle 
Check no anomalies exist 
Apply subsidiary principles 




Apply main principle to 
generate equations 
Apply subsidiary principle to 
eliminate undesired quantities 











Experts were characterized by high p r o f i c i e n c y in solving 
iiproblems. From experts ‘ and n o v i c e s ' protocols in solving 
liproblems , a list of d i f f e r e n c e s could be identified as shown in 
？Table 4 . 
Table 4 
Differences between experts and novices in 
solving physics problems (Glaser, 1986) 
Expert Novice 
Knowledge organized Knowledge organized 
around p r i n c i p l e s . not around p r i n c i p l e s . 
Declarative Declarative 
information bound information lack of 
to conditions and conditions of 
p r o c e d u r e s . a p p l i c a b i l i t y . 
Impose a 'physical‘ Impose a 'naive' 
representation. r e p r e s e n t a t i o n . 
Use working forward Use means-ends analysis 
and initially and incline to 
qualitative m e t h o d . quantitative m e t h o d . 
Properties of Properties of entities 
entities are are inactive. 
localized. 
Inferencing rules Inferencing rules 












Experts were able to abstract a deep structure from problems 
by imposing a physical representation while novices perceived 
problems from the surface features. Research also showed that 
students who made more use of principles scored higher in solving 
problems (Hardiman et al., 1988； Dufresne, 1988). 
Larkin and Rief (1979) also analyzed the protocol 
transcripts of the subjects and compared them with a computer 
model. They found that experts were able to solve problems 
quicker. The equations generated by the experts in their problem 
solutions were clustered in time as shown in Fig. 3. 
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Fig. 3: Clustering of equations for experts and 




Even for students who knew all the facts and principles 
necessary for the solution of a p r o b l e m , they might still be 
unable to solve it because they did not have any systematic 
strategy for guiding them to apply such facts and principles 
(Brackett et al, 1985). In other w o r d s , the mastery of factual 
knowledge without a smooth coherent retrieval path was not 
sufficient for an efficient problem solving p r o c e s s . 
A comparison of a group of senior secondary students, who 
already had a good mastery of basic physics knowledge, was made 
by Tao & Mak (1987) between their qualitative reasoning ability 
and their mathematical reasoning ability in solving p h y s i c s 
problems. The results showed that the former lagged behind the 
latter among the subjects. In terms of Larkin's model (see Table 
3), the subjects were deficient in generating an initial 
physical description or representation of the p r o b l e m . 
On the other hand, several qualitative reasoning strategies 
were identified that led to success in solving qualitative 
problems (see Table 5). These strategies were comparable with 
the experts' strategy in solving physics problems (see Table 3). 
Furthermore, the authors recommended teachers should make an 




Successful reasoning strategies in qualitative 
problems (Mak & T a o , 1987) 
入 Transforming a qualitative problem 
into a mathematical form. 
Working from basic concepts or principles. 
Using simple logic. 
Considering limiting situations. 
Understanding hidden assumptions 
in a law or formula. 
Forbus's (1985) Qualitative Process Theory tried to simulate 
the common sense physical reasoning about dynamic physical 
processes. It was an attempt to guide the solution of textbook 
physics problems, and the designed program was successful in 
generating solutions to problems. The theory consisted of the 







Qualitative reasoning tasks in dynamic process 
(Forbus, 1985) 
Determining activity : Deducing what is happening in a 
solution at a particular time. 
Prediction : Deducing what will happen in the future of 
some situation. 
Postdiction : Deducing how a particular state of affairs 
might have come about. 
Skeptical analysis ： Determining if the description of 
physical situation is consistent. 
Measurement interpretation. 
Experiment planning. 
Casual reasoning : Computing a description of behavior 
that attributes changes. 
The detailed steps that experts used to solve problems 
(Table 4), the identified qualitative reasoning strategies (Table 
5), and the reasoning tasks in qualitative physics (Table 6), 
formed the base of the tasks of qualitative instruction. The 
tasks of qualitative instruction in solving physics problems 
were defined in Fig. 4 . 
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Verbal description 
I . . 
Qualitative description in physical 
quantities plus pictorial representation 
1 
Identifying the goal 
1' • 
Relating the main principle 
of the principle or law 
1 
Selecting the equation 
1 
Solving the equation 
Qualitative checking by considering 
-the limiting situations 
-the consistency of the answer , 
-the order of magnitude 
-the laeaningfulness of the answer 
-simple logic 
Fig. 4 ： Qualitative instructional tasks. 
I _ _ _ _ J 
34 
For the conventional type of problem solving process which 1emphasized quantitative m a n i p u l a t i o n , finding equations and using means-ends analysis, the following instructional tasks were 
defined as shown in F i g . 5. 
Verbal description 
V 
Identifying the goal 
and the initial states 
V 
Checking the difference 
between the initial states 
！ and the goal 
Stating the main principle 
i 
Selecting an equation 
Solving the equation 
Fig. 5 : Conventional instructional tasks. 
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Q u a l i t a t i v e reasoning instruction (see F i g . 4 ) had 
several advantages over c o n v e n t i o n a l instructional (see F i g . 5) 
in solving p h y s i c s p r o b l e m s . F i r s t � it was derived from experts‘ 
detailed steps in solving p h y s i c s p r o b l e m s which provided a 
model for teaching problem s o l v i n g . 
S e c o n d l y , in solving p r o b l e m s , it began with a low-detail 
description of the problem situation rather than focusing'on the 
given variables and the g o a l . This could limit the attention of 
the problem solver on the g o a l . Students ‘ goal orientated 
problem solving behavior had been criticized by the Hong Kong 
Examination Authority (Appendix A ) . 
T h i r d l y , qualitative instruction prohibited the application 
of formulae and equations before the correct p h y s i c a l process was 
presented to the s t u d e n t s . Martin and Kinnear (1989) prevented 
subjects from implementing steps to solve the problem through a 
computer program immediately after reading the q u e s t i o n . The 
result indicated that problem solvers might be u n s u c c e s s f u l in 
problem solving because they initiated p r o c e d u r e s well before 
they understood the p r o b l e m . Similar efforts were made by Owen 
and Sweller (1985). Subjects were discouraged to use m e a n s - e n d s 
analysis in solving m a t h e m a t i c s p r o b l e m s and they made fewer 
errors in their problem solving p r o c e s s . M o r e o v e r , a correct 
description of the physical process was found to facilitate the 
subjects in solving physics problems (Rief & H e l l e r , 1984). 
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This coherent retrieval process in solving physics problems 
facilitated retention of the principles involved. It also 
contributed to success in problem solving and to the formation of 
problem solving schema (Frederiken, 1984; W h i t e , 1989). Table 7 
below lists a comparison between qualitative instruction and 
conventional instruction as defined in Fig. 4 and Fig. 5. 
Table 7 
Comparison between qualitative and conventional instruction 
Qualitative instruction Conventional instruction 
Problem description Problem description is 
is a paraphase of a depiction of the 
the physical process. q u e s t i o n . 
Physical process is No pictorial 
represented pictorially. representation. 
Knowns and unknowns are Knowns and unknowns are 
not focusd on until focused on explicitly 
the correct physical by writing them d o w n . 
process is formulated. 
• Principles or laws are Principles or laws 
inferred through applied are inferred 
qualitative inference on from the given knowns 
the physical process. and the unknown. 
Checking is included on Checking is omitted 
appropriateness of laws on the appropriateness 
or principles plus the of laws and principles, 
meaningfulness of the 
solution. 
Problems are solved • Problems are solved 
through directly through 
relationship between numerical substitution 







1) Qualitative reasoning relates contextual information to 
physical processes, concepts and principles in solving 
physics problems. 
2) Quantitative reasoning relates contextual information to 
formulae and equations in solving physics problems. 
3) Representation of physics problems is the internal 
representation developed by the problem solver to mediate 
their knowledge and the solution. 
4 ) Effects in this study refer to the subjects ‘ problem solving 
achievement and their speed to solve problems. ‘ 
V-'ariabies 
P&pi^ndBn t va 厂i.a b 1 es 
5) Achievement (AC) is the problem solving scores for an 
achievement test of the subjects after the experiment. 
6) Qualitative reasoning ability has two subscales： 
Representation of problem and reasoning ability in solving 
problem. 
Representation of problem (RP) is the physical 
representation that the subject imposes on the p r o b l e m , 
which is quantitified as the percentage of problems 





j Reasoning ability in solving problem (RA) is the ability 
1 , 
！ to solve the physics problem qualitatively from principles 
j behind it. It is defined as the percentage of correct 
j 
‘ responses in solving physics problems. 
! 7) Representation response time (RRT) is the average time taken 
I for a subject to impose representations on physics p r o b l e m s . 
i- • 
I 8) Qualitative reasoning response time (QRT) is the average 
time taken for a subject to solve physics problems by 
qualitative reasoning. 
I ndBPBnd ButVari^bUBS . 
• t 
9) Qualitative instruction is the instruction based 
on qualitative reasoning in solving physics problems. 
10) Conventional instruction is the instruction based on 
quantitative reasoning which emphasizes numerical goals 
in solving physics problems. ' 
11) General ability (GA) of the subject is the score in the 
Raven's Advanced Progressive Matrices Test achieved by the 
subject. It has two category v a l u e s , high ability (HA) and 
low ability (LA) as categorized by the median score of the 
subjects in the APM test. 
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3.3 Hvpntheses 
It was suggested that a qualitative instruction which was 
based on qualitative reasoning could improve students' problem 
solving achievement , understanding of the principles behind 
problems by imposing a physical representation, and speed up 
their time to solve problems qualitatively. 
The hypotheses of this study were as follows: 
1. There was no significant difference in physics problem 
solving achievement between subjects receiving 
qualitative and conventional instruction. 
2. There was no significant difference in the representation 
of physics problem between subjects receiving 
qualitative and conventional instruction. 
I 
I 3. There was no significant difference in the reasoning 
ability in solving physics problem between subjects 
receiving qualitative and conventional instruction. 
I 
4. There was no significant difference in the 
representation response time between subjects receiving • 
qualitative•and conventional ins七ruction. 
5. There was no significant difference in the qualitative 
reasoning response time between subjects receiving 






丨 3.4 Design 
i 
1 . 
I The experiment was a posttest-only control group design (see 
j Fig. 6). A total of 39 secondary 5 students who had basic 
I knowledge in mechanics were stratified and randomly assigned 
I into the experimental group (E) and control group (C) attending 
^ remedial lessons in mechanics of the certificate examination. 
The experimental group received qualitative instruction while the 
control group received conventional instruction in solving 
mechanics problems. 
X 0 . 
R 
^ X 0 
N 
Fig. 6 ： Design of the study. 
3.5 ？^nhiects 
The subjects were in a secondary 5 science class which has 
39 students. The standard of the school is average compared with 
Hong Kong. The subjects had been taught mechanics in secondary 
4. They were stratified into a high ability group and a low 
ability group according to the median of their scores in the 
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Raven's Advanced Progressive Matrices Test (APM). The 
reliability coefficient ((C) was found by Li (1986) to be 0.87, 
which was very substantial. From each stratum, subjects were 
randomly assigned to the experimental and control g r o u p s . The 
age range of the subjects was from 16 to 20 with a mean of 16.8. 
Table 8 lists the characteristics of the treatment and control 
group. 
Table 8 
Comparison of APM mean between subjects of experimental 
and control groups 
Experimental Control Total 
Group 24.84 24.40 24.62 
(19) (20) (39) 
F 24.71 22.50 23.41 
. (7) (10) (17) 
Sex 
M 24.92 26.30 25.55 
(12) (10) (22) 
C 22.86 23.78 23.38 
(7) (9) (16) 
Stream 
MC 26.00 24.91 25.48 
(12) (11) (23) 
R 25.74 29.00 26.83 
(4) (2) (6) 
Repeat 
NR 24.60 23.89 24.21 
(15) (18) (33) 
C 二 computer stream, NC = non-computer stream 
R = repeater, NR = non-repeater 
Note : Number in brackets indicates the number of subjects. 
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No significant difference in APM mean was observed between 
the control-experimental, female-male, computer and non-computer 
and repeater and non-repeater groups using One-way analysis of 
variance. This revealed that the subjects of the two groups were 
homogeneously and randomly assigned. 
3.6 Instructional materials 
In each remedial lesson, problems extracted or derived from 
past certificate examinations p a p e r s , two popular textbooks and 
GCSE physics formed the base of the instructional materials. The 
problems were taught to the subjects according to the sequence as 
shown in Table 9. 
丨 Table 9 
f 
Teaching sequence in each remedial lesson 
I step content 
1 1 worked example 
2 1 class work 
3 1 worked example 
4 1 class work 
5 2 objective questions 
The number of problems presented to both groups was 
identical, with the control of the content of instruction. 
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However, the treatment group which received qualitative 
reasoning lasted longer than the control group. The average 
time for a remedial lesson was 56 minutes and 59 minutes for the 
\ 
control group and experimental group respectively. The contents 
and detail instructional tasks are attached in Appendix C . 
3.7 Instruments 
Two tools were employed to measure the effects of the 
I study. The first one was a paper-and-pencil problem solving 
achievement test which consisted of ten problems in m e c h a n i c s . It 
was used to measure the problem solving achievement of the 
subjects. The problems were selected or derived from two popular 
textbooks ， past certificate examination papers and GCSE physics 
in the United Kingdom. 
The problem splving achievement instrument in the pilot test 
consisted of 15 items. It was given to 37 secondary 5 students 
and 20 secondary 6 students in the pilot study. The Cronbach 
.alpha was found to be 0.62 which was only moderate. The teacher 
who administered the pilot study reported that the students' 
performance was low because they had not revised their work on 
mechanics. . Five items which had negative or low item-total 
correlation were deleted. The final version consisted of ten 
mechanics problems and a higher internal reliability was expected 
(see Appendix D). 
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The modified problem solving achievement test was marked by 
a 0-1-2 point scale (Tao & Mak, 1987) by two experienced 
teachers independently and the inter-judge reliability was 
conducted to ensure that the marks were consistent. Full m a r k s , 
2 points, were given for correct method and correct substitution 
disregarding wrong manipulation of numerical quantities; 1 point 
was given for partially correct method with correct substitution； 
and 0 point was given for incorrect method. 
The second instrument was conducted through a computer 
terminal. It was used to measure the understanding of subjects 
in solving physics p r o b l e m s , their speed to impose an initial 
representation, and to solve problems qualitatively. 
The main program consisted of thirty mechanics problems. 
i 
！ Each problem was displayed at the terminal for a fixed period of 
j time. Then a prompt would ask the subject to choose three 
I 
I 
provided options. There were three types of options (see Table 
10). The response time and the chosen option were recorded 
(Frederiksen, 1984〉. The instrument had a number of constraints. 
The problems covered a wide range of principles in certificate 
physics. The text length of each problem had a fixed range 
ensuring that the subjects had enough time to read over before 
the prompt was displayed. Problems with similar surface features 
but different underlying physical principles were selected. 





j A total of 18 secondary 6 subjects participated in the pilot 
j 
j test of the computer tool. The Cronbach alpha for the 
i 
I • 
I representation scale was computed, and it was found to be 0.58. 
I . 
Items with negative or low item-total correlation were modified 
! with the help of an experienced teacher to make the questions 
‘ 
j more specific and options less ambiguous. The modified 
i instrument consisted of thirty items (see Appendix F)• 
j. • . • . . ‘ 
Table IQ ‘ 
Types of options of items in the computer tool 
Type Number Option description 
I 1 category answer, a deep structure 
of the • problem which is the 
principle behind the problem 
2 category answers, derived from the 
literal features of the problem 
II 1 category answer, a deep structure 
which is an incorrect principle 
behind 七he problem 
1 category answer, a deep structure 
which is the correct principle 
behind the problem 
1 category answer, derived from the 
literal features of the problem 
. . . . . , . . " _ ’ • . . , 
‘ 二 . .‘ f 
* • 、” 、，“ 
III 3 numerical answers in.which the 






The experiment consisted of 6 consecutive remedial lessons. 
Each lasted for about one hour for six w e e k s . Within one week 
after the last lesson, two tests were conducted to measure the 
effects of treatment. 
I 
Each student was asked to answer thirty mechanics problems 
through a computer terminal. The subjects were informed that 
their choice and time would be recorded. After that, the 
subjects attempted the problem solving achievement test during a 
« 
normal lesson. No time limit was g i v e n . At the beginning of 
the two tests, they were told to try their best to answer all 
I • • • 
the questions. 
i ‘ 
Immediately after the the paper-and-pencil test, 2 students 
from the treatment group and 2 students from the control group 
with high and low ability were asked to report verbally how they 
answered two preselected problems among the 10 test items. 
I 
Their protocols were tape-recorded for a qualitative analysis of 
, ‘ ‘ � 
how they solved the problem. 
I * 
\ '" • 
To compensate for the potential disadvantage of the control 
group, an extra remedial lesson was given to the control group 
after the project, explaining the proper strategy in solving 
• . 





3.9 Data analysis 
(a) Statistical analysis 
» 
To account for the interaction effect between the 
independent variables of treatment ( e x p e r i m e n t a l - c o n t r o l ) and 
ability of students on the criterion v a r i a b l e s . Representation 
(RP), Reasoning ability (RA), Representation Response time <RRT), 
Qualitative reasoning response time (QRT), and Achievement (AC), 
a Two-way analysis of variance with APM as covariate was employed 
to test the hypotheses. 










With APM as covariate 
\ HA = High ability LA = Low ability 
Each cell contains either the 
Representation (RP), Reasoning ability (RA), 
Representation Response time (RRT〉， 
Qualitative reasoning response time (QRT), 
or Achievement (AC) 
F i g . 7 ： A 2x2 factorial design for the e x p e r i m e n t . 
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(b) Protocol analysis 
t 
Four subjects were selected to report verbally on how they 
ifisolved two out of the ten test items in the problem solving 
e achievement test. Their workings on the test were shown before 
4 them, and they were requested to recall their steps v e r b a l l y . 
'1 The protocols were, transcribed into steps in solving the 
q problem. The qualitative differences in solving a physics 









RESULTS AND DISCUSSION 
4.1 Rftliahilit.v of instruments 
The problem solving scripts of the subjects were photocopied 
and two experienced teachers, who were unknown to the purpose of 
the study, were invited to mark them independently according to 
the modified marking scheme (Appendix E ) . The Pearson 
correlation gave a value of 0.978 (p < 0.001) showing that the 
interjudge .reliability of the two markers were highly 
substantial. 
The reliability of the problem solving achievement test was 
evaluated using 七he two sets of scores from the .two markers 
independently. Cronbach alpha for each set was found to be 0.766 
and 0.745 respectively which were quite substantially high. 
It was found during the administration of the computer test 
that some of the subjects exhibited a high degree of anxiety in 
answering the test items. Although a practice session was 
designed in the program, some of them still pressed too hard, or 
remained pressing the keys for too long, causing a loss in data. 
Repeated identical choices with zero response time was considered 
« 
as missing d a t a . Only 33 out of 39 sets of data were available 
for computing the reliability of this instrument. 
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Since the computer instrument measured two d e p e n d e n t 
I v a r i a b l e s , i.e. the q u a l i t a t i v e reasoning ability and the latency 
I of the s u b j e c t s , two separate scales were employed to evaluate 
I its r e l i a b i l i t i e s . The values of C r o n b a c h alpha were found to be 
I 0.599 for the qualitative reasoning ability scale and 0.831 for 
I the response time s c a l e . The latter reliability coefficient was » . 
彳 substantially high. For the former, it lay within the 
reliability range of 0.501 一 0.712 reported by Royer et al. 
(1989) in an extensive study on the assessment of MC on-line 
comprehension of computer-presented text. 
i i . i 
I 
！ 
4.2 F.ffftn.t.s of Qnalitflt.ive instruction 
� 
The experimental effect on problem solving achievement of 
the subjects was analyzed using a Two-way analysis of v a r i a n c e by 
group (G) and ability level (L) using APM as c o v a r i a t e . The 
problem solving achievement score employed was the average score 
of the two independent m a r k e r s . The result (see Table 11) 
indicated that there was no significant difference between 
subjects of the experimental and control groups and between 





Two-way analysis of variance on problem solving achievement 
(AC) between group G ) and ability level (L) with APM as 
covariate 
Variable Mean F df P 
(E) 8.05 
(19) 





(AC) (HA) 8.84 
(19) 
Level 0.580 1/34 n . s . 
(LA) 7.25 • 
( 2 0 ) 
Group 0.004 1/34 n . s . 
X Level 
Note. Number in brackets indicates the number of subjects. 
Table 12 lists the Two-way analysis of variance on the 
achievement of representation of physics, problems between group 
(G) and ability level (L) using APM as covariate. After the 
instruction, the subjects in the experimental group was found to 
impose physical representation on problems better than the 
subjects in the control group (F=6.41, d f = l � 3 4 , P <0.05). No 
interaction was found between the grouping and level of APM on 




Two-way analysis of variance on representation (RP) and 
reasoning ability (RA) between group (G) and ability level 
(L) with APM as covariate 
Variables Mean F df P 
(E) 0.58 
(19) 






Level 0.813 1/34 n . s . 
(LA) 0.49 
(20) 











Level 0.003 1/34 n . s . 
(LA) 0.48 
(20) 
Group X 2.511 1/34 n . s . 
Level 
Note. Number in brackets indicates the number of s u b j e c t s . 
On the other hand, the reasoning ability of the subjects was 
found to be nearly the same between subjects of the experimental 
and control groups and between subjects of the high and low 
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lability g r o u p s . A Two-way analysis of variance on the reasoning 
lability with APM as covariate showed that there was no difference 
tbetween subjects of the experimental and subjects of the control 
Igroups. No interaction was found between grouping and the level 
of APM on their reasoning ability (see Table 12). 
In problem solving, it required the application of a large 
chunk of knowledge to attain the g o a l . The results above 
. i n d i c a t e d that qualitative instruction was able to help students 
； t o impose physical representations on p r o b l e m s . Teaching 
I problem solving that began with a low detailed description of 
： t h e problem,and in terms of the physical quantities facilitated 
i the abstraction of deep features from problems in a constrained 
, s i t u a t i o n where no numerical solution was required. 
I Hackling and Lawrence (1988) suggested a n o v i c e - t o - e x p e r t 
J continuum in comparing the performance of subjects in problem 
I 
i • 
solving. Beginners were regarded as novices while university 
A 
lecturers and experienced teachers were considered as experts in 
a specific d o m a i n . The subjects in this study lay somewhere on 
！ the left end of the novice-to-expert continuum. The formation 
of an expert's problem schema was the result of hours of 
experiences and practices (Anderson 1982; G l a s e r , 1986〉. It 
permitted problem solvers to recognize a problem as belonging to 
a specific category requiring particular moves for s o l u t i o n . 
In this study, no difference in the problem solving 
I 
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I achievement between subjects of the experimental and subjects of 
the control groups revealed that there was no experimental effect 
on how they generated the solution path, though subjects of the 
experimental group began with a better representation of the 
problems. It also revealed that the problem solving competence 
I of the subjects in the experimental group lagged behind their 
I 
‘representations on problems. 
參 
On the other hand, the results appeared to have contradicted 
the outcomes of the studies by Hardiman et al. (1988) and 
Durfresen (1988) who reported that correct problem representation ； • 
i correlated with problem solving achievement. The segregation of 
•k 
j the two test environments suggested a clue for such discrepancy. 
As mentioned in the theoretical framework, when subjects were 
deprived of focusing on the numerical goals or prohibited from 
initiating calculations at the premature stage, they were able to 
j perform better in solving problems (Martin & Kinnear, 1989; Owen 
& Sweller, 1985). In this study, when the subjects confronted 
j the representation problems, their focus was free from the . 
numerical goals. The subjects of the experimental group were 
facilitated through a qualitative retrieval path. On the 
contrary, when they engaged in the actual problem solving 
situation , they attended to the numerical goals again. In this 
aspect, qualitative instruction was unable to prohibit the 
subjects' attention on the goal of the problems which had been 
acquired 、 through hours of exposure to examples and problems in 
the past. 
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In the treatment, the effort to reduce the s u b j e c t s ' 
attention on the goal of the problems at the early stage of the 
problem solving process was implicit. Moreover, the 
misconceptions among subjects in physics might also contribute 
. a n o t h e r important obstacle in their problem solving p e r f o r m a n c e . 
The results indicated that there was no difference in the 
reasoning ability between subjects of the experimental and 
control groups. When subjects answered physics problems in the 
computer 七est,七hey might get the correct option using 
methods such as problem recognition, logical inference and 
guessing, other than qualitatively reasoning. Thus, the number 
of correct responses to physics problem solutions in the computer 
test did not truly reflect the subject's qualitative reasoning 
ability. Even though the treatment could improve the 
qualitative reasoning ability of the subjects in the experimental 
group, the subjects in the control group could do equally well in 
solving the physics problems in the computer test using other 
strategies. 
The results for the computer test indicated that solving 
physics problems was a more demanding task than simply imposing 
an initial representation on physics problems. In this study, 
the mean score of problem representation was 0.52 which was a 
little greater than the mean score of reasoning ability which 
was 0.48. The mean representation response time was 29.8 s and 




Comparison between the representation response time (RRT) 
and qualitative reasoning response time (QRT) 
Variables Mean standard error t-value 
Representation 29.83 1.54 
response time (RRT) 
/ s 
Qualitative 54.41 3.03 
reasoning response 
time (QRT) / s 
Difference / s -24.57 2.01 -11.66 氺木木 
木木木p < G.OOl 
j The no. of subjects is 39. 
I 
A t-test (see Table 13) was employed on the qualitative 
1 reasoning response time (QRT) and representation response time 
¥ (RRT). The result supported that solving physics problems was 
i • 
:i more time demanding than imposing an initial representation, (t �� • 
.冬, 
=-11.66, p < 0.001). 
\ 
Solving physics problems in the computer test required a 
I‘correct understanding of the principles behind problems plus the 
mastery of other reasoning abilities such as logic and silent 
computing power. Observation during the administration of the 
test also found that subjects when confronted with type III 
problem (see Table 10) relied heavily on substituting and working 
numerical values in their mind and even on their palms. While 
the numerical solutions of these problems could be worked out 
I • 
i through a correct understanding of the principles behind the test 
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items followed by qualitative reasoning. The result also 
revealed that students were inclined to search for equations and 
formulae which prohibited the search of solution through the 
retrieval of the correct problem representations. 
Table 14 
Two-way analysis of variance on representation response time 
(RRT) and qualitative reasoning response time (QRT) between 
group (G) and ability level (L) with APM as covariate 
Variables Mean F df P 
(E) 31.43 
(19) 
Group 0.833 1/34 n . s . 
(C) 28.33 




Level 0.016 1/34 n . s . 
(LA) 28.91 
(20) 




Group 0.840 1/34 n . s . 
(C) 51.22 




Level 0.999 1/34 n . s . 
(LA) 54.93 
( 2 0 ) 
Group X 0.432 1/34 n . s . 
Level 
Note. Number in brackets indicates the number of subjects. 
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The experimental results showed no significant difference 
on RRT and QRT between subjects of the experimental and control 
groups, and between subjects of the high and low APM groups (see 
Table 14). The subjects of the experimental and control groups 
spent statistically no difference of amount of time in imposing 
problem representations and solving physics problems. No 
interaction was found on RRT and QRT between grouping and 
ability level of APM. 
• « 
In contrary to the initial hypothesis that subjects of the 
I experimental group would work more efficiently, and hence they 
. w o u l d need a shorter period of time in solving problems, both t latency measurements showed that instead they took longer time to 
impose an initial representation and to solve physics p r o b l e m s . 
：The subjects of the control group, who had low APM, took the 
i least time (see Fig. 8) in both latency measurements. Pearson 
： c o r r e l a t i o n between RRT and QRT gave a value of 0.76 (p < 0.001), 
which indicated that these two variables were highly correlated 
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Fig 8： Interaction of RRT and QRT between group (G) 
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Sternberg (1977) suggested that experts might be slower than 
- n o v i c e s in initial problem encoding while their overall working 
: w o u l d be faster. Siu (1988) also reported that less able 
: s u b j e c t s spent less time in the comprehension of concluding ideas 
in texts. In terms of m o t i v a t i o n , when the low ability students 
: m e t a difficult task ， the threat of failure produced a tendency 
： t o inhibit their effort in attempting the questions which were 
j m -: 
I expected to produce failure and hence they were least motivated 
: ( A t k i n s o n , 1964). So the low ability students initiated little 
I effort and hence spent shorter time in answering the test items 
m 





in the computer test. The facility of the q u e s t i o n s not only 
affected s u b j e c t s ' m o t i v a t i o n . Hoffman (1986) thought that 
difficult tasks could d i s r u p t information p r o c e s s i n g . D i f f i c u l t 
tasks tended to induce selective p r o c e s s i n g on the surface 
contex七uslI information. This was consistent with the result that 
subjects of the low ability group scored the lowest correct 
problem r e p r e s e n t a t i o n . Subjects in the control group who had low 
ability lacked the m o t i v a t i o n , and were short of retrieval p a t h s . 
They were the least m o t i v a t e d , and hence spent the shortest time 
in imposing representations and in solving p h y s i c s p r o b l e m s . 
Results in F i g . 8 showed that subjects of the experimental 
group, who scored significantly better RP, spent more time in 
I imposing problem representations as qualitative reasoning 
involved a longer retrieval p a t h . On the other hand, high 
ability subjects of the experimental group were p r o f i c i e n t in 
mathematical m a n i p u l a t i o n . When they attempted physics p r o b l e m s 
the time spent in the early retrieval process could be 
. c o m p e n s a t e d for. They spent less time on the QRT scale than . the 
low ability subjects in the same group (see F i g . 8). 
The correlation between the five dependent variables was 
computed and listed in Table 15. It was found that the physical 
representation of problems (RP) correlated to reasoning ability 
(RA) at r = 0.37 (P < 0.01), problem solving achievement (AC) 
at r = 0.53 (p < 0.001) and qualitative reasoning response time 
(QRT) at r = 0.36 (p < 0.05). It was correlated to 
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n representation response time (RRT) at r = 0.21 (p = 0.09). These 
1 results showed that the physical representations of problems 
a correlated significantly to nearly all of the other dependent 
/ variables. Correct physical representation of problems was found 
t to be related significantly to the other four variables in 
丨 s o l v i n g physics problems as reported in the other related 
literature (Dufresne, 1988; Hardiman, 1988). 
f • 
Table 15 
Correlation between dependent variables A C , RP, RA, RRT 
and QRT 
Variables AC RP RA RRT QRT 
AC 1.00 0.53木氺木 0.15 -0.15 0.12 
RP 1.00 0.37木木 0.21 0.36* 
RA 1.00 0.09 0.37木木 
f^RT 1.00 0 . 7 6 木木氺 
QRT 1.00 、 
(木木木 p < 0.001,木木 p < 0.01,木 p < 0.05) 
The no. of subjects is 39. 







Problem solving achievement (AC) was found to have low 
correlations with reasoning ability (RA) and q u a l i t a t i v e 
reasoning response time (QRT) at statistically insignificant 
i level. When solving problems in the computer test, subjects 
could guess the correct answer by their intelligence. The two 
dependent v a r i a b l e s , RA and Q R T , might be correlated spuriously 
with problem solving achievement through intelligence. 
A low and negative correlation was found between problem 
solving achievement (AC) and representation response time (RRT) 
at statistically insignificant level. This showed that more 
competent problem solvers among the subjects spent less time in 
imposing representations on p r o b l e m s . A higher correlation was 
expected when the ability of subjects shifted from the left end 
to the right end of the novice-to-expert c o n t i n u u m . 
To check whether repeaters had advantage over n o n - r e p e a t e r s , 
a One-way analysis of variance was computed with problem solving 
achievement (AC), representation (RP), reasoning ability (RA), 
representation response time (RRT) and qualitative reasoning 
response time (QRT) as dependent variables with APM as c o v a r i a t e . 
No statistical difference was observed between repeaters and non-
repeaters on these five dependent variables (see Table 16). The 
results demonstrated that among the s u b j e c t s , repeaters showed no 
significant superiority over non-repeaters on the five d e p e n d e n t 
variables though they performed better than the others in solving 
problems and representation of p r o b l e m s . The comparison of • the 
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^response time between repeaters and non-repeaters indicated that 
Jnon-repeaters, who scored less in problem representation (RP〉， 
I 
iinitiated less effort and hence spent less time. This was 
|consistent with the result demonstrated in analyzing the 
Idifference in representation response time (RRT) between subjects 
i . 
I of the experimental and control groups (see Table 12 and Table 
I 14). It should be noted that there were only 6 repeaters. It 
I lowered the validity of the statistical test on the differences 
, i n the performance between repeaters and non-repeaters after the 
1 treatment. 
Table 16 
One-way analysis of variance on problem solving achievement 
(AC), representation (RP), reasoning ability (RA), 
representation response time (RRT) and qualitative reasoning 
response time (QRT) between repeaters and non-repeaters 
! Variables Mean F df P 
.Vl 
i I "“ 
I Repeaters 10.1 
； AC 1.23 1/34 n . s . 
Mon-repeaters .7.64 •j . 
； Repeaters 0.64 




RA .001 1/34 n . s . 
I Non-repeaters 0.48 
Repeaters 32.3 
RRT/s .260 1/34 n.s. 
Non-repeaters 29.3 
Repeaters 67.5 
QRT/s 3.27 1/34 n . s . 
Non-repeaters 52.0 
(n二39) (No. of repeaters = 6, no. of non-repeaters = 33) 






I . . • 
4.3 Analysis of problem solving protocols 
The analysis of problem solving protocols in this session 
1 was supplementary to the quantitative analysis of the effects 
of the treatment which had been discussed in the previous 
’sec t i o n s . It attempted to identify 七he qualitative differences 
among the subjects in solving physics problems, how they 
, i n i t i a t e d the problem solving, their reasoning strategies and the 




The interview was a cued one. Immediately after the problem 
solving achievement test, four subjects were asked to recall 
} verbally how they solved two pre-selected problems in the 
I • 
achievement test, with their scripts shown before them. Among 
the four subjects two were from the experimental group and two 
were from the control group. One was with high APM and one was 
with low APM in each g r o u p . Students of extreme low ability were 
excluded, ensuring the selected subjects' verbal ability was 
sufficient to express themselves. The characteristics of the 
selected subjects were shown in Table 17. The two selected items 
had facility indices of 0.43 and 0.57. The former had an average 
facility and the latter was an easy one when compared with the 
mean facility of the whole test which was 0.40. 
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T n b U 17 
Characteristics of subjects in protocol analysis 
Problem solving 
Subject APM Group Sex achievement (AC) 
A Low Control F 12 
B High Experimental F 15.5 
C High Control M 14.5 
D Low Experimental M 11.5 
To facilitate the subjects' verbal report, the interviewer 
demonstrated how to think-aloud in solving a simple addition of 
fraction problem before the actual interview. A mathematics 
problem was used rather than a physics problem in different 
topics, as the latter might cue the subjects to recall their steps 
in the way that the interviewer, who was an expert, d i d . The 
subjects were told that their protocols would be tape-recorded. 
They were allowed to recall freely on their problem solving 
process. Prompts were initiated to facilitate a continuous 
report, or to specify unknowns within the subjects' verbal 
report. No cues and guidance were given by the interviewer. 
The protocols were originally Cantonese mixed with E n g l i s h . 
They were transcribed into English in short phrases following the 
way that the subjects' made their utterance without rigorous 
attention to the grammar. Each short phrase was numbered so as 
to isolate a single step in their problem solving process. Dots 
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were added showing the silent behavior of the subjects. Brackets 
included explanations in order to make the transcriptions more 
understandable. 
A marked difference was identified between the low and high 
ability subjects when they were requested to recall their 
processes in solving the two selected p r o b l e m s . From their 
protocols, it was observed that the two low ability subjects, A 
and D, relied heavily on their own written steps on the scripts. 
At the beginning, they just verbally depicted what they had 
written down. In order to know their detailed thinking process 
in solving the problems, the interviewer repeated the question 
again in these cases. 
Prablem solving str&tegi&s 
In solving physics problems, two strategies could be 
identified among these secondary 5 subjects. The first one was 
problem recognition followed by working forward strategy. For 
subject D, no overt behavior was observed indicating what 
strategy he employed in solving the problems. He read the 
question and most probably recognized the problem and then 
worked forward to find the solution. Table 18 lists the 
extracted protocols from the subjects. They either remembered 
similar problems in the book, A[l], or they recognized the 




Problem recognition was a common strategy among n o v i c e s in 
I Hong Kong ( H e y w o r t h , 1988) . Sometimes it worked but s o m e t i m e s it 
I didn't. S u b j e c t D was able to get both q u e s t i o n s correct but 
subject A did not get the correct answer in q u e s t i o n N o . 1. 
Also, the p r o t o c o l s from these two subjects indicated that their 
solution path was rigid without f l e x i b i l i t y . 
Table 18 
Protocols on problem solving strategies • 
Prnhlftm rROPgnition 
A [1] •• . F i r s t . , … f o l l o w e d the b o o k . 
B [21] B e c a u s e I did similar p r o b l e m s in the p a s t . 
B [32] A g a i n , it was related to something encountered 
in the p a s t . . 
C [9] G e n e r a l l y , when having this and seeing the 
height and having the length of a s l i d e . 
I .入. 
Mfinns-endF； analvsis 
‘ A [27] Put down an incorrect value 2, i.e. I 
m i s u n d e r s t o o d the q u e s t i o n . 
‘ [28] ... F i r s t looked for what does it ask for? 
[29] Find X ... It wants us to find X . 
、 [30] So it is n e c e s s a r y to find W . 
C [20] And then ••• After looking it, I didn t have 
confidence to solve it. 
I [28] The question asks us to find X , 
[29] but W is nothing so I filled this empty value 
f i r s t . , ‘ 
[30] After filling t h i s , then take m o m e n t 
The second strategy being identified was m e a n s - e n d s analysis 
and setting s u b g o a l s . It was employed when they had not enough 
confidence or when they were uncertain about the question (see 
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Table 18). In other w o r d s , it was employed when the solver could 
not recognize the p r o b l e m . For subject A, as she thought that 
she had m i s u n d e r s t o o d the q u e s t i o n , she paused and looked back at 
the g o a l , A [ 2 8 ] . By comparing the goal with the u n k n o w n s , she 
tried to find the other unknown W first. When subject C thought 
that he had little confidence to solve the p r o b l e m , C [ 2 0 ] , he 
employed a m e a n s - e n d s analysis s t r a t e g y . He looked for the goal 
X, C [ 2 8 3 , and then tried to eliminate the difference between the 
initial s t a t e , two u n k n o w n s , with the goal by first finding one 
of the unknowns W , C C 2 9 ] and C [ 3 0 ] . 
Prabl^m r印rES&ntstion and retrl&vsLl 
On the subject 's initial representation of the p r o b l e m s , 
the protocols showed that in some of the occasions the subjects 
were able to get the correct solution without imposing a p h y s i c a l 
representation on the p r o b l e m s . They selected formulae or 
equations related to the goal of the problems and worked out the 
answers by problem recognition and working f o r w a r d . The use of 
physical representation of problems was not c o m m o n . This 
observation was consistent with the result in the computer test, 
that the average Score of correct physical representation score 
was only 0.58 in a cued s i t u a t i o n . N e v e r t h e l e s s , subject B who 
imposed physical representations on problems got two correct 
answers (one in terms of an u n k n o w n ) . In these cases, the 
physical representations (see Table 19), were the main concepts 
involved in solving the p r o b l e m s , rather than the laws or 
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principles as revealed in the other literatures. For subjects A 
and C , their protocols revealed that they imposed a naive 
representation in solving problems which involved entities 
related to the literal features of the problem, such as height and 
I slides (see Table 19). 
IlAble 19 、 
I Representations of problems from protocols 
1 Protocols Representations 
A [15] Then it has height and something. height (naive) 
B [18] As he moves d o w n , it is related to energy (physical) 
energy in these cases. 
B [32] Moment … t h i s and distance and moment (physical) 
force are related. 
C [11] No. no... when seeing the height of height (naive) 
a slide, I thought out this. of slide 
Another important pattern observed was how the subjects 
applied their knowledge in solving physics p r o b l e m s . Their 
protocols showed that more able students did make relatively 
greater effort in their retrieval process in terms of 
relationship among physical concepts before they initiated 
equations or formulae (see Table 20). F u r t h e r m o r e , it was 
observed that relatively less attention was given to the 
manipulation of equations , B[28] to B[30]• On the contrary, 
for less able students, their protocols showed that mathematical 




：less capacity was available for retrieval of formal p h y s i c s 
knowledge, A [ 1 9 ] to A C 2 4 ] (see Table 20). 
High ability s t u d e n t s were efficient in m a t h e m a t i c a l 
II manipulation. L e s s attention was required in these o p e r a t i o n s and 
hence more cognitive space was available for them to retrieve 
；II knowledge from the long term m e m o r y or to execute other c o g n i t i v e 
:i activities, The p r o t o c o l s of the more able s u b j e c t s also 
indicated that their retrieval path was longer before selecting 
equations when compared w i t h the less able s u b j e c t s . T h e s e two 
ii observations provided evidence to account for the d i f f e r e n c e in 
the latency m e a s u r e m e n t s of the subjects in the computer test. 
The more able subjects in the experimental group spent the 
longest time in imposing r e p r e s e n t a t i o n s on p r o b l e m s as more 
丨 e f f o r t was allocated in the initial retrieval process, w h i c h was 
critical in the r e p r e s e n t a t i o n and q u a l i t a t i v e reasoning 七asks.• 
Table 20 
t> 
Protocols on solution path 
A [19] Find W f i r s t , 300 + 600 = 100 + W . 
[20] Find W , W is equal to 800 N . 
[21] Then take moment about the c e n t e r . 
[22] The clockwise is equal to a n t i c l o c k w i s e . 
[23] Then 800 X + 300 x 1 = 600 x 1• 
[24] Then 800 X is equal to 300, X is equal to 
0.375 m . 
B [28] Wrote clockwise m o m e n t is equal to 
anticlockwise m o m e n t , 
[29] And then substitution values into the e q u a t i o n . 
[30] And then eliminate and s i m p l i f y . Breaking and 
integrating and get the a n s w e r . 
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In solving problems, these solvers relied heavily on the use 
of diagrams providing retrieval cues for the solution, as another 
source of information or sometimes for comparison (see Table 21〉. 
Larkin & Simon (1987) demonstrated that data indexed by location 
on a plane, and data on a d i a g r a m , supported more efficient 
search and inference, than data indexed by position in a list, or 
data in a problem text. Diagrams were found to support a large 
number of perceptual inferences which were extremely easy for 
human. 
« 
lablg 2 1 
Protocols on the use of diagrams in solving problems 
B [2] Then wrote the data on the diagram. 
B [23] First looked at the diagram. 
C [13] First, first I will … l o o k at the d i a g r a m . 
C C19] First, I looked over the question and then • 
the diagram. 
D [ 8 ] … T h e first step • … L o o k e d at the diagram. 
D [19] Looked over the question and then the diagram. 
D [29] After looking the diagram, put down the important 
things on the diagram. 
Knowledge retrieval based on physical concepts was 
observed when subject C solved question No. 1 (see Table 22). 
However he was unable to activate a label or the principle behind 
the problem, as his knowledge was tied to surface features of the 
problem. He simply discarded important information, while 
concentrating on the surface features of the problem, the height 
of a slide, and related it directly to the equation for the loss 
in p.e. equal to gain in p.e., C[9] and C[10]. 
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Table 22 
Protocols of subject C in solving question No. 1 
C [2] Then height, immediately I thought 
[3] energy, something, potential energy. 
[4] Together I knew the man had weight 
[5] Sliding down I thought of kinetic energy. 
[6] Then I will use the equation kinetic energy 
is equal to potential energy. 
[9] G e n e r a l l y , when having this and seeing the 
height and having the length of a slide ... 
[10] N o � no, when seeing the height of a slide, 
I thought this out. 
C?i.<a 1 it^tiv-e re^saning 
Checking the appropriateness of the formulae, and evaluating 
the order of magnitude of solutions in solving problems were 
I observed among the subjects in the experimental group (see Table 
I 
23). 
Subject B, in solving question No. 1 knew that the question 
was related to energy and applied the conservation of energy 
without overt- utterance. Checking the order of magnitude of the 
solution to be 10.9 ms一1 showed that the initial solution was 
not realistic as it was too fast, B[5]. Subject B stated 
clearly the unit of the numerical solution ’ B[13]. Furthermore, 
the subject demonstrated an on-going evaluation of her reasoning, 
B[25], before the implementation of calculation. Also, subject D 




Protocols s h o w i n g q u a l i t a t i v e reasoning on m a g n i t u d e s , 
meaning of answer and a p p r o p r i a t e n e s s of formula 
B [5] Then I found that the answer was 
u n l i k e l y because friction existed and 
should not be so fast. 
[13] And get the answer and the u n i t . 
[25] Then I found that this d i s t a n c e was more 
d i f f i c u l t . So I use t h i s . 
D [7] ... The first step ... Looked at the d i a g r a m . 
[8] B e c a u s e know it has f r i c t i o n . 
[9] Then added friction that is w a s t e d . 
丨 S e c o n d l y , before subject B started c a l c u l a t i n g , she had a 
plan, m e t a - c o g n i t i o n , that guided her to the desired goal in 
: s o l v i n g the two p r o b l e m s . It included p r o c e d u r a l knowledge such 
as searching for the data from the question , r e - r e p r e s e n t i n g the 
： e x t r a c t e d data on the d i a g r a m and searching for an e q u a t i o n . Her 
‘corre s p o n d i n g p r o t o c o l s were listed in Table 2 4 . 
Table 24 
Protocols on planning in solving p r o b l e m s 
B [1] First I looked over the q u e s t i o n . 
[2] Then wrote the data on the d i a g r a m . 
[3] Then started to list the e q u a t i o n . 
[4] Listed the equation and then c a l c u l a t e . 
[24] At the very b e g i n n i n g , I planned to use t h i s . 
« 
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Finally, a special feature was identified in the problem 
solving protocols of subject C . He initiated steps to work for 
the solution and justified his effort by thinking that it might 
score m a r k s . It partly revealed that the subject was 
examination-orientated and partly showed that he inclined to use 
equations or formulae in solving problems (see Table 25). 
Tf^ble 25 
Protocols showing examination-orientated behavior 
C [22] Clockwise is equal to anticlockwise and so on. 
[23] I score some marks at least ••. 




I CHAPTER 5 
、 
• SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
.1 5. 1 Finmmarv of findings 
Instruments 
m • 
The results shown in the previous section indicated that the 
i , 
5 two instruments, the problem solving achievement test ( oC = 0.766 
e and 0.745 from two independent markers), and the computer test (oC 
: = 0 . 8 3 1 on the latency scale and ^ = 0.599 on the qualitative 
i reasoning ability scale) designed for use in this research were 
‘4 . 
f-1 reliable. 
•  • I • 
:• I ., • 
I ‘ 
� . . . • 
i Effects of q u a l i t a t i v e instruction 
I 
•.• 1 ‘ 
It was hypothesized that qualitative instruction in teaching 
...I 
“cer t i f i c a t e physics could improve the subjects' problem solving 
achievement, and understanding of the laws and principles behind 
'IK I V. 
the problem, by imposing a physical representation, and could 
二 reduce the amount of time used in solving problems. 
i| 
After six remedial lessons, the subjects of the experimental g . 
？ group imposed correct physical representations on physics 
I % 
I problems better than the subjects of the control group. This 










e ： better organized around laws and principles of physics than those 
iti who did not received any treatment. 
The physical representations of physics problems was found 
>.to correlate significantly to most of the other dependent 
；1 variables in this research. It revealed the importance of 
c problem representation in solving physics problems as reported in 
« past research. 
However, for more demanding tasks such as solving physics 
ci problems on the achievement test and on the computer test, 
g： subjects of the experimental and control groups showed no 
fe statistical difference. It was suggested that the subjects' 
ri attention on the numerical answers prohibited their reasoning 
3： process from formulating a correct physical representation. In 
I� ' the experiment, the emphasis on the reasoning leading to the goal, 
rather than on the goal itself, was treated implicitly, but not 
explicitly. 
X . 
！ Latency measurements showed that the subjects of the 
experimental and control groups did not differ significantly in 
their response time to impose an initial representation on 
、 p h y s i c s problems, and to solve physics problems. Both 
.V . 
1 measurements indicated that subjects in the control group who 
f 
j had low ability spent the least time as measured by both scales, 
Jiv 
while subjects in the experimental group who had high ability, 





least motivated. The lack of motivation, together with their lack 
！of treatment to retrieve the proper problem representations, 
；resulted in their stopping work more readily than the others. 
In this experiment, a mean response time of 29.8 s in 
imposing an initial representation on problems, and a mean 
j response time of 54.4 s in solving physics problems, were recorded 
among the subjects. A t-test indicated that solving physics 
problems qualitatively was more time demanding than imposing 
representations on problems. The latency measurements also 
justified the use of two separate scales. 
The fore mentioned findings were consistent with the 
solution protocols reported by two subjects from the experimental 
group and two subjects from the control g r o u p . Protocol analysis 
revealed that the more able students spent more effort and time 
in qualitative reasoning before they initiated an attempt to 
apply equations and formulae, than subjects of the less able 
g r o u p . 
Protocol analysis of four students' problem solving process 
revealed that a more detailed retrieval path in terms of physical 
concepts would lead to successful problem solving. Higher 
ability students analyzed the problems qualitatively before they 
attempted quantitative manipulation. Checking the 
appropriateness of equations and solutions, was identified from 
the protocols of the two subjects from the experimental g r o u p . 
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Problem recognition followed by working forward, and means-
e n d s a n a l y s i s , w e r e the t w o s t r a t e g i e s i d e n t i f i e d itt t h e 
protocols of the subjects. Moreover, transforming contextual 
information onto d i a g r a m s , and extracting information from 
diagrams, were common procedures employed by subjects to 
facilitate problem solving. 
5.2 Cnnnliisions 
The pragmatic aspect of educational research asked for how 
to facilitate students' learning. Problem solving was considered 
as one of the major goals in different levels of the education 
enterprise. The main purpose of the present research was to study 
the effects of qualitative instruction in solving physics 
problems compared with conventional instruction. From past 
research studying expert-novice differences, qualitative 
reasoning programs, and efforts and theories in improving 
students' problem solving competence, qualitative reasoning was 
identified as a strategy that could facilitate students' problem 
solving ability. Operational instructional tasks were d e r i v e d , 
according to which, the contents of certificate physics were 
fitted into, thus forming the instructional materials of the six 
remedial lessons used in this study. 
The main effects, i.e. problem solving achievement (AC), 
representation (RP), reasoning ability (RA) and latencies, were 
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statistically tested using a T w o - w a y a n a l y s i s of v a r i a n c e between 
the independent v a r i a b l e s t r e a t m e n t , and g e n e r a l a b i l i t y , with 
APM scores as the c o v a r i a t e . After the e x p e r i m e n t , the subjects 
in the e x p e r i m e n t a l group d e m o n s t r a t e d that their knowledge w a s 
organized around p r i n c i p l e s and laws better than the s u b j e c t s in 
the control g r o u p . H o w e v e r , the subjects of the e x p e r i m e n t a l 
group did not show any improvement in their p r o b l e m solving 
achievement, and on how they solve p h y s i c s p r o b l e m s q u a l i t a t i v e l y 
in the computer t e s t . , From t h e . r e s u l t s , it was concluded that 
qualitative instruction was able to facilitate subjects in the 
early stage of problem s o l v i n g . 
The result of this research showed a gap between p r o b l e m 
r e p r e s e n t a t i o n s and p r o b l e m solving c o m p e t e n c e among n o v i c e s . 
For experts in the n o v i c e - t o - e x p e r t c o n t i n u u m , experts started 
with a p h y s i c a l r e p r e s e n t a t i o n and were very efficient in solving 
p r o b l e m s . For n o v i c e s , subjects might have equal competence in 
solving p r o b l e m s no matter whether they understood the p r i n c i p l e s 
or laws behind the problem or n o t . As revealed from the 
s u b j e c t s ' p r o t o c o l s � problem recognition was one of the main 
problem solving s t r a t e g i e s among n o v i c e s . 
Q u a l i t a t i v e instruction was unable to speed up n o v i c e s ' 
problem s o l v i n g . H o w e v e r ,七 h e s u b j e c t s ' response time to impose 
representations on p r o b l e m s and to solve physics p r o b l e m s showed 
that subjects of the experimental group spent more time and hence 





concluded that qualitative instruction facilitated more retrieval 
I procedures which related physical concepts to physical p r o c e s s . 
The latency measurements and the subjects' protocols showed 
that successful novice problem solver made a greater effort in 
the early retrieval process. The implication of these results 
was that students, in attempting to solve physics p r o b l e m s , 
should begin with a qualitative understanding of the problem, and 
retrieve the given information in terms of the physical concepts 
involved, rather than memorizing problems and fitting equations 
to match the goal. 
It was concluded that qualitative instruction demonstrated a 
limited success in improving students' problems solving behavior 
under the constraints of the study. The research provided 
empirical evidence in favor of qualitative instruction in terms 
of its success in facilitating the retrieval of correct problem 
representation, and in initiating a more detailed solution path 
among the subjects. 
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,5.3 I,imitations of the study 
：二 In this s t u d y , there were several limitations. 
1) There was a difference in the duration of instruction in 
^ remedial lessons. Qualitative instruction was more time 
demanding than conventional instruction as it involved 
more tasks. 
2) The generalizability of this study was limited by the 
small number of subjects and they were not randomly 
-i'；.. 1 
；" selected from the entire population. 
3) In this s t u d y , subjects with background knowledge 
： : participated in remedial lessons. Their past knowledge 
i 9 and misconcepts might interfere with the treatment. 
4 ) The treatment received by the control group was an 
i • 
I' artificial setting which was not identical to a normal 
lesson as it involved only one type of instructional 
method. 
5) The duration of the experiment was restricted to six 
weeks in which the entire mechanics part of certificate 
physics was covered. 
6) Subjects receiving remedial lessons were in a passive 
state while qualitative reasoning was an active mental 
activity. 
7) The percentage of correct responses in solving physics 
problems in the computer test was not equivalent to their 
qualitative reasoning ability as the subjects might use a 
variety of strategies to get the answer. 
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8) The qualitative reasoning response time was not an 
accurate measurement of the subjects ‘ time taken to apply 
qualitative reasoning in solving problems as they might 
apply a variety of strategies other than qualitative 
reasoning to get the answer. 
9) The validity of the problem solving achievement test was 
limited by the fact.that subjects might have done similar 
problems before. 
10) The validity of the measurement on the representation of 
problems was limited as subjects could choose correctly 




The duration of the experiment was only six hours. It was 
incompatible with the time allocated to an ordinary certificate 
course which included more than 50 hours of teaching on 
mechanics. A more intensive experiment was recommended to 
investigate the effects of qualitative instruction in helping 
students to solve physics problems. However, it would raise the 
question of equity, as the subjects in the control group would be 
placed in a potentially disadvantageous condition. Furthermore, 
when conducting such an experiment, special attention should be 
paid to the history of the subjects during the course of the 
experiment which might interfere with the final result. 
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With regard to the central question of how to improve 
students‘ prob l e m solving c o m p e t e n c e , it was suggested that the 
effects of their attention to the goal of p r o b l e m s should not be 
u n d e r e s t i m a t e d . The r e c o m m e n d a t i o n s here were of two types: 
Firstly, in teaching p r a c t i c e s , q u e s t i o n s asking the p r i n c i p l e s 
or laws in e x p l a i n i n g p h y s i c a l p r o c e s s , or in solving p r o b l e m s , 
should not be p e r c e i v e d m e r e l y as factual q u e s t i o n s . This should 
be emphasized in d a i l y teaching a c t i v i t i e s , or implemented in 
tests and e x a m i n a t i o n s so as to focus the students‘ attention 
on the proper d i r e c t i o n . S e c o n d l y , in the research a r e a , it was 
recommended that future research efforts compare the d i f f e r e n c e 
between subjects ‘ solu t i o n s to ordinary p r o b l e m s with s u b j e c t s ' 
solutions to p r o b l e m s with the inclusion of q u e s t i o n s asking for 
f the laws or p r i n c i p l e s required to solve them. The latter 
problem type e x p l i c i t l y focused the. s t u d e n t s ' attention on the 
丨：principles or laws behind the p r o b l e m s , which in t u r n , might 
facilitate their problem solving p e r f o r m a n c e . 
As the English language ability of the students in Hong Kong 
was not s a t i s f a c t o r y , it was highly recommended that p r o b l e m s 
should be presented with s u p p l e m e n t a r y d i a g r a m s . P r o t o c o l 
analysis in this study revealed that d i a g r a m s provided helpful 
cues for them to retrieve information. H o w e v e r , these efforts 
should be kept abreast with the emphasis on the p r i n c i p l e s behind 
the p r o b l e m . The association of literal features embedded in 
d i a g r a m s , with equations produced rigidity in problem solving or 




In this r e s e a r c h , the problem solving competence of the 
I subjects in the e x p e r i m e n t a l group was found to lag behind their 
！ representations of p r o b l e m s . Across the n o v i c e - t o - e x p e r t 
；continuum, empirical findings on students‘ mastery of the 
I principles, their problem solving c o m p e t e n c e , q u a l i t a t i v e 
.i reasoning ability, arid speed of solving p r o b l e m s , would be 
beneficial in identifying the features involved in the 
transitions from novices to e x p e r t s . E x p e r i m e n t a l studies on how 
novices searched for the solution and acquired p r o c e d u r a l 
knowledge were r e c o m m e n d e d . 
Despite the limited success of q u a l i t a t i v e instruction in 
i * 
丨 this r e s e a r c h , these instructional tasks could be readily put 
i into practice in daily teaching a c t i v i t i e s . Teaching problem 
solving that was based on qualitative reasoning was recommended 
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SELECTED COMMENTS ON STUDENTS' PERFORMANCE 
IN HONG KONG CERTIFICATE EXAMINATION PHYSICS I 
Year Comments 
1988 1. Many Candidates failed to apply Newton's Third law to 
the situation and tried the unnecessary steps of 
calculating the forces numerically. 
2. Many candidates tended to apply the various formula in 
mechanics blindly without analyzing the specific 
condition of the system. 
1989 1. Many candidates incorrectly considered force F as 
豇 instead of m ^ and jumped to the conclusion that 
the faster the disc m o v e d , the greater would be the 
average force exerted on the wall during collision. 
2. Many candidates did not seenv to： jfaroiliar with the 
interconversion of potential energy and kinetic energy 
in mechanical system. 
1990 1. Candidates were weak in describing a method to determine 
the acceleration of the trolley along the runway. 
Source : H . K . Examinations Authority Annual Reports 1988, 





STATISTICS OF PROBLEMS AND EXAMPLES IN SELECTED TEXTBOOKS 
1. Physics A New Approach (3rd ed.) (Chapters 9 - 16) (Wilkinson, 
1989) 
No. of qualitative No. of quantitative 
answers in answers in 
Chapter problems examples problems examples 
9 18 2 41 21 
10 . 20 2 33 7 
11 32 1 27 7 
12 14 0 47 18 
13 8 0 35 8 
14 14 3 62 21 
15 15 0 58 10 
16 5 0 49 5 
2. Physics in Action, Book 1 (Chapters 7 - 13) (Tao, 1990) 
Mo. of qualitative No. of quantitative answers 
answers in answers in 
Chapter problems examples problems examples 
. — — — — ^ ― ― — — — — � I I ‘ � 
7 1 0 16 7 
8 19 0 43 1 
9 24 0 69 12 
10 7 0 24 1 
11 40 0 83 9 
12 9 3 41 17 
13 12 0 26 8 
96 、 
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1 APPENDIX C 
！ I N S T R U C T I O N A L MATERIALS AND STEPS OF REMEDIAL LESSIONS 1 - 6 
" S5PHY/CCM/E/L11 
, 1 EXAMPLE 
* A boy starts from rest and moves with a uniform 
acceleration of 2 ms一 in a straight line. 
a) i) What is his velocity after 5 s? 
‘ 









b ) If the boy's acceleration is doubled, i.e. becomes 4 
ms""2. Find by rfiasonin^ the followings. 
i) What is his velocity after 5 s. 
ii) How far has he travelled in this time? 
iii) After how long will the boy be 100 m from his 
starting point? 
w 
f . f 
i • 




A 一." ， • •i £'7 
1 
S5PHY/CCM/E/L12 
I 2 CLASSWORK 
a) A stone is dropped from a helicopter at a height of 
45 m above the ground. 
If the helicopter is at rest, how long does the 
object take to reach the ground a n d . what is its 
velocity on arrival? 
When the stone falls under ， its speed 
increases at a rate. The motion is a 
uniformly accelerating motion with acceleration equal 
. -2 •. 七。 ms • 
t 
I ‘ 
-h I i • 
b) If the helicopter is falling with a velocity of 1 
ms—i when the stone is released, what will be the 
final velocity of the stone? 
The acceleration remains the since the 
stone falls under gravity. So the increase in 










S 5 P H Y / C C M / E / L 1 3 
fc 3 EXAMPLE 
a ) The graph in Fig 1. shows the d i s t a n c e travelled by a 
car plotted against time. 
120 - ^ ^ 
： i。o - X 
• ” 。 - / i 
s § - / I 
I 40 - / I 
^ 20 - / I 
I^Ij_I_I_I_‘丨. 
0 1 2 3 4 6 6 
^ time in s 
f i) How far has the car travelled at the end of 5 s? 
m 
m： 
ii) What is the speed of the car during the first 5 
seconds? 
if 






b ) F i g . 2 shows an uncompleted velocity-time graph for a 
boy running a distance of 100 m . 
7.5 -
- -
通 I 5.0 - y 
i . 
I 1/ • I I I I 1——I_^ 
4 0 2 4 6 8 10 12 14 
, time in s 
4 i) What is his acceleration during the first 4 s? 
4 ii) How far does the boy travel during the first 4 s and 
bsf the next 9 s? . 
II iii) From the g r a p h , find when the boy has covered 100 ra. 





a) A trolley A starts from rest at time zero and 
accelerates uniformly for 6 s. When its velocity is 
60 cms . A trolley B starts from rest at time 1 s. 
It accelerates uniformly for 2 s, and then maintains 
a constant velocity of 40 c m s " . 
velocity (cms-') 
• 4 • t 'i " f* ' ‘ ^ 
• • . f* « § 4 f f I , r ^^ 
,60 「： _ |一： - ^ _ _ T - ^ ^ - _ � _ 
40 J L - ' 」Z i I 
w , 「 A z I 
30 — 一 卜 - J 「 十 ； 
0 1 • 2 3 4 5 6 time (s) 
i) Find A's acceleration, B's acceleration between 1 s 
and 3 s. 
Acceleration is equal to the of change of 
velocity which is equal to the of a 
velocity-time graph. 
ii) At what time they will they meet. 
When they meet, they have the same . 
Displacement is the area the velocity-time 
graph. 
. ‘ 
b ) If the acceleration of B is^ doubled and reaches a 
maximum velocity of 40 cms" in 1 s. Find when they 
will meet in this case? 




？ 5 OBJECTIVE 
QUESTIONS 
A ) A ball is projected vertically upwards with an 
initial velocity of 30 ms" . It reaches a maximum 
height of 45 m. If the velocity is halved, what is 
its new maximum height? 
I.0 m 
II.25 m 
22. 5 m 
B) A car is accelerated uniformly from 2 ms to 20 ms 
in time t. If its acceleration is doubled, what will 
be its velocity after the same time t? 
between 20 ms"^ and 40 ms ^  
equal to 40 ms"^ 
-1 










A boy starts from re^t and moves with a uniform 
acceleration of 2 ms" in a straight line. 
a) i) What is his velocity after 5 s? 
ii) How far has he travelled in this time? 
I :’.�, 
；-.m 
；‘ iii) After how long wiil the body be 100 m from its starting 
！ point? 
I • ‘ 
! 
1 • 
b) if_the boy's acceleration is doubled, i.e. becomes 4 
ms"^. Calculate 
i) his velocity after 5 s, 
ii) the distance travelled in this time, 










a) A stone is dropped from a helicopter at a height of 
45 m above the ground. 
If the helicopter is at rest, how long does the 
object take to reach 七he ground and what is its 
velocity on arrival? 
initial speed u = acceleration 二 
•‘ 
height h = final velocity = ？ 
r： • . 
i . ' , 
b ) If the helicopter is falling with a velocity of 1 
. ^ ms-i when the stone is released, calculate the final 
velocity of the stone? 
. i n i t i a l speed u = acceleration = 




I • .•••-• o . 
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• S5PHY/CCM/C/L13 
i 3 EXAMPLE 
I ； ‘ a) The graph in Fig 1. shows the distance travelled by a 
‘ car plotted against time. 
“ 1 2 0 -
t yT 
， ！ 80- / I . • 
, 8 60 - Z 丨 
： I 40 - Z i 
20 - / I 
^ _ I _ I _ I _ I _ I •� 
0 1 2 3 4 5 6 
‘ time in s 
f i) How far has the car travelled, at the end of 5 s? 
It 
i 
ii) What is the speed of the car during the first 5 
seconds? 
iii) Calculate the acceleration of the car before point A . 
b ) Fig. 2 shows an uncompleted velopity-time graph for a 
boy r u n n ^ g ^ distance of 100 m. 
； 7.5 -
^ • 
E 5.0 - / — 
I / 
” / 
1/ • I I I I 1 _ J _ 
0 2 4 6 8 10 12 14 
time Ins 
i) What is his acceleration during 七he first 4 s? 
ii) How far does the boy travel during the first 4 s and 
the next 9 s ? [ 」… … 
iii) Calculate when the boy has covered the distance lUU 
m. 
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I'4 CLASSWORK 
？ a) A trolley A starts from rest at time zero and 
acceler^ates uniformly for 6 s. When its velocity is 
I r 60 cms" . A trolley B starts from rest at time 1 s. 
I It accelerates uniformly for s � a n d then maintains 
i, a constant velocity of 40 cms . 
I: “ 
I / velocity (cms"') 
f 6 0 r - - i 1 1 t . I I I I i/^i 
“ 50 ---}-——「一T —— 
I • , I I I I 
E „ 40 { • - - 「 i ~ — 
: 30 + —— 1 ,— 
： 2 。 — ^ ^ ^ 十 — + _ 
* • 0 1 2 3 4 5 6 lime (s) 
: i) Find A's acceleration, B's acceleration between 1 s 
r and 3 s. 
W -’ 
“ For A‘s acceleration 
initial velocity u : final velocity v = 
time taken t = . 
•V 
For B's acceleration 
: initial velocity u : final velocity v 二 




ii) At what time they will they meet. 
When they meet Sa = Sb 
� . ‘ , 
I� 
b ) If the acceleration of B is^ doubled and reaches a 
maximum velocity of 40 cms" in 1 s • Find when they 
will meet in this case? 




I' 5 OpJECTIVE 
QUESTIONS 
r A) A ball is projected vertically upwards with an 
initial velocity of 30 ms"^. It reaches a maximum 
height of 45 m. If the velocity is halved, what is 
its new maximum height? 
s 
- 1.0 m 
r•丨丨 I • , 
m 
？ 11.25 m 
^ 22.5 m 
I ‘ . 
n B ) A car is accelerated uniformly from 2 ms to 20 ms 
.1 in time t. If its acceleration is doubled, what will 
be its velocity after the same time t? 
. . � � 
‘ 1 � 
II 
I � -i 
卜 between 20 ms ^ and 40 ms 
f| 
equal to 40 ms 
-1 
, greater than 40 ms 
• * 
.•i • 
. . » 
J 
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[Explanation given to Experimental group for Step 1 ID 
^ a) 
i ) 「 
The boy runs faster and faster. His V e r b a l description 
speed changes at a constant rate. < in p h y s i c a l 
[_ q u a n t i t i e s 
I • 
‘ I 
Speed changes at a constant rate and < Q u a l i t a t i v e 
hence accelerates uniformly. [_description 
Constant acceleration motion to find < Identify the goal 
his acceleration. 
Apply equation of motion. < — Relate to main 
L principle 
His acceleration is a constant. < ~ {^Checking 
Select the appropriate equation. [；Select an equation 
Solve the equation. C S o l v e the equation 
^din^AVihe goal. < [[identify the goal 
Apply equation of motion. Relate to main 
一 p r i n c i p l e 
Noting his acceleration is a constant. < [^Checking 
Select the appropriate equation. 一 Select an equation 
Solve the equation. L a n d solve it 
b) , 
'Acceleration is equal to the rate of < [ R e l a t e to d e f i n i t i o n 
change of velocity. 
Acceleration doubled means velocity ^ Simple reasoning 
change doubled in equal time interval. L 
, Final velocity is doubled since his < [ d i m p l e reasoning 
I initial velocity is zero. 
* * 、 
‘ Vor a uniformly accelerating motion. ？® 
the displacement is directly proportional to equation of 
to the acceleration when time remains < — motion q u a l i t a t i v e l y 
unchanged. 
Acceleration doubled means distance < Simple logic 




• • • 
111)� 「�
Accel eration is constant. < Main principle 
_ and checking 
Apply equation of motion. ^ L A p p l y equation 
Distance travel led is proportion a 1 to Relate goal 
square of time taken times acceleration. < and conditions 
verbally 
In 100 tti as the acceleration is doubled < F Simple logic 
the time taken is reduced by a factor VZ. L 
Explanation given to Con trol gx^oup for Step 1 
a.) 
jf、 
Verbal description of the question. < Verbal description 
To find the velocity of the boy. < Identify the goal 
We know the time taken., u 二 0 and the and initial states 
acceleration. 
Apply the equation of motion. < Relate to main 
principle 
Look for the equation, F M e a n s - e n d s analysis 
Select 二 u "f at. < and select an 
一 equation 
Substitute and solve the equation. < [[Solve the equation 
• • X gmmmm 
2 2.) 
To find the distance travelled s. < [_ Identify the goal 
ftfe know the acceleration, u = 0.， F Identify the 
time taken and final velocity. < L initial states 
Select S = at + at^/2 < C S e l e c t an equation 
Substitute and solve the equation. < L ^ o l v e the equation 
iii)� 「�
To find the time taken in 5 s. < L Identify the goal 
Acceleration is known, u = 0 and F Identify the 
displacement is given. < [^initial states 
Apply equation of motion and select < [^Select an equation 
s 二 ut + a t� ��
Substitute and solve the equation, < C ^ o l v e the equation 
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b)i). ii) ^ iii) 
Repeat the steps in a). 
I Explanation given to Experimental group for Step 2 I 
a.)A stone is dropped from rest from a < Verbal d e s c r i p t i o n 
helicopter, 
Draw a sketch. < P i c t o r i a l 
一 representation 
The stone falls under gravity. It 「 D e s c r i p t i o n in terms 
accelerates down ward at a constant rate. < of p h y s i c a l 
Acceleration is equal to g. [_quantities 
“ I 
To find the time taken and velocity. Identify the goal and 
apply the equation of motion. < relate to main 
[_ principle 
Because the acceleration is a constant. < [_Appropriateness 
Select equations s = ut + at^/2 and < [[Select equations 
Z 二 u*^ + 2as 
Substitute and solve the equation. < [_ Solve the equations 、 
Repeat the question and the solution. F Q u a l i t a t i v e checking 
Discuss the order of magnitudes of < on the m a g n i t u d e s of 
the solutions. solutions 
b)The stone falls at a constant 「 Q u a l i t a t i v e 
acceleration with an initial speed not < description 
equal to zero. 
Draw the corresponding diagram. < F P i c t o r i a l 
_ representation 
Acceleration remains equal to g. < L w a i n p r i n c i p l e 
Apply equation of motion. ^ < Select an equation 
Select the equation v^ 二 u。 + 2as 匕 
Solve the equation. < E v o l v e the equation 
Explain why the final velocity is a little 厂Compare and check 
greater than the ansT'^er in part a). < the consistency of 
L the answers 




a)A stone is dropped from rest from a < [[Verbal d e s c r i p t i o n 
helicopter. 
To find the time taken and velocity “ Identify the goals 
given the height and u = 0, < and the initial 
1_ states 
Acceleration is equal to g• ^ Given initial 
L- state 
Apply equations of motion. < p r i n c i p l e 
Selecl^ the ^equations S = ut + a t^/2 < [[Select equations 
and 二 i广 + 2as. 
Solve the' equations. < [_ Solve e q u a t i o n s 
b)The helicoptej^ now moves down at < V e r b a l d e s c r i p t i o n 
a speed 1 ms . 
The initial velocity of the stone < F Identify the new 
is 1 ms'^ . initial state 
Repeat the steps in a.) 
Explanation given to Experimental group for Step 3 . 
a)Describe the graph. 厂Verbal d e s c r i p t i o n of 
The graph shows the distance travelled < the problem 
by a car plotted against time. 
The speed of the car increases uniformly ("Qualitative 
to point A and then slows down, < d e s c r i p t i o n 
『 . i ) 「 
f Find the answer directly from the graph. < Identify & find the 
L goal 
i i ) 
Speed is equal to the rate of change of p R e l a t e to d e f i n i t i o n 
displacement which is represented by the < and relate to g r a p h 
the slope of the graph. [__qualitatively 
m • • \ 
111 ) 「 D . 4> • 1 
Draw tangents to the curve. < t^ictoria丄 
representation 
Before A, the slope, its velocity is a 「 R e l a t e to principle 
constant hence acceleration is zero. < and solve 
After A, the slope decreases therefore q u a l i t a t i v e l y 
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d b)The velocity of the boy increases^at < Verbal 
first and then remains at 5. 0 ms~' . |_description 
The velocity of the boy increases 厂Precise q u a l i t a t i v e 
uniformly at first to 4 s and then < d e s c r i p t i o n in 
remains a constant after 4 s. [_physical q u a n t i t i e s 
i)� 「�
Acceleration is equal to the rate of Relate to d e f i n i t i o n 
change of velocity which is equal to < and g r a p h 
the slope of the v-t graph. L 
Find slope of v-t graph. < Identify the goal 
Apply Av^/A t, < M a t h e m a t i c a l 
Calculate the slope. < E F i n d the solution 
ii) _ 
To find the distance travelled we first Q u a l i t a t i v e l y 
•：: relate the v-t graph with distance * L-description 
i travelled. 
The area under the v-t represents the F Relate to main 
distance travelled. < L p r i n c i p l e 
Find the area under the graph in the < F Identify the goals 
first 4 s and the area from 4s to 13 s. 匕 
Use area of A and area of rectangle 「 S e l e c t formula 
formula. < L and find solutions 
111) r , 
Total area in i) and ii) is smaller than < Compare the goal and 
100 m by 45 m. find an equivalent 
goal by simple logic 
Assume that the boy continues at the same ["Underline assumption 
rate then it takes an extra 45/5 : & s < and solve by simple 
to finish the extra 45 m. |_ algebra 
I \Explanation given to Control group for Step 3 1 
I a)The distance travelled by a car is as < [[Verbal d e s c r i p t i o n 
I shof^n. 
i) 「 
I Find the answer from the graph. < ^ F i n d the solution 
111 
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ii.> 厂 
To find the speed. < 1_ Identify the goal 
Use slope = speed 'in a s-t graph < Relate to main 
—principle 
Apply the slope formulae. < [[Select a formulae 
Find the slope, < M a t h e m a t i c a l 
• • • \ 
111) _ 1 
To find the acceleration. * [_ Identify the goal 
Apply equation of motion. < ~ £ M a i n p r i n c i p l e 
Identify the speed at t = 0 and < [""identify initial 
at t 二 5 s. Lstates 
Calculate a by a = (v - u)/t. C A p p l y formulae 
b) 
j ) 
To find the acceleration . < Identify the goal 
Acceleration = slope in v-t graph < State the p r i n c i p l e 
Apply slope formulae. < ^ — [；Select an equation 
Find the slope. < — [； M a t h e m a t i c a l 
To find how far does the boy travel. < [^Identify the goal 
Distance is equal to the area under < [[State the theory 
the v-t graph. 
Apply area formula before 4 s and from < F S e l e c t equations 
4 s to 13. L a n d find solutions 
i i i ) 
Given the distance travelled is 100 m F I d e n t i f y initial 
and to find the time taken. < and goal states 
Assume the time taken is t. 
Find a formulae relating area to time < F Search for a formulae 
t. s = 4x5/2 + (t-4)x5 ^ 
Solve by equating formulae = 100. Substitute and solve 
Then find the extra time needed. ^ 







a)Trolley A accelerates early and trolley B Verbal description 
starts 1 s later. A accelerates for 6 s < 
to reach a velocity of 60 cm~. The graph 
shows how their velocities change with L 
time. 
i) 厂 
To find their accelerations. < 1_ Identify the goal 
Acceleration is the rate of change of Recall definition 
velocity A v/ht or equal to the < and relate to 
slope in a v-t graph. [_ problem 
Use slope equation to find their a < Relate 
from 1 s to 3 s. |_mathematically 
11) _ 
A starts first and B starts later but Qualitative analysis 
B accelerates faster and probably could < 
catch up A. L 
f/hen they meet means their 、 F Relate goal to 
displacements from the original point < physical variable 
are equal. 
Displacement is represented by the area < Relate to main 
under the v-t graph. |_concept 
By comparing the areas the time is 4 s.< []Find solution 
Check by finding the area of triangle < F M a t h e m a t i c a l 
and trapizium. |_part 
b)If B 's acceleration is doubled, B 's speed 厂Qualitative 
increases at a higher rate,, hence it takes <analysis 
less time to catch up with A. 
Draw the v-t graph for B first. < P i c t o r i a l 
__ representation 
By comparing the areas under the two lines, <[""Qualitative 
the time that B catches up A is 1.5 s. reasoning 
Find the areas under the two graphs to < f S o l v e by equation 
1.5s using triangle area formulae. 






The graph shows the v-t graph for 
two trolleys. A accelerates uniformly < Verbal description 
and B starts 1 ater • B accelerates first 
and them moves at a cons tant speed. 一 
To find their accelerations. < [[ Identify the goal 
Their v-t ctn^ves are known. Initial states 
Acceleration is equal to the slope in a < F Relate to concept 
v-t graph. [_of acceleration 
a = s^Zope = Av/At < d Q u o t e formulae 
Substitute and find their accelerations. < F Substitute and 
__ calculate 
ii ) 
To find the time when they meet, < [^^Identify the goal 
When they meet, they have the same Identify initial 
displacement. ^ L state 
Displacement = Area under v-t graph < F Relate goal to 
|_ concept 
Assume time meet is t，relate the area < f Search for equations 
under curve A to t and then relate the . 
area under curve B to t. 
Equate the expressions. Solve for t. < [；Solve equations 
b)Guote the new acceleration of B from the < F Initial state 
first part. 
Repeat the steps above. 
Explanation given to Experimental group for S t e p ~ 5 _ _ _ _ 
a)The ball moves slower and slower to < j"Verbal description 
its maximum height and falls back. 
The ball is uniformly accelerated downward Identify the problem 
under gravity. The acceleration is g. < situation and relate 
* L to main principle 
Equation of motion is applicable. < [；Relate to concept 
As the final speed is zero., u^ « s, hence as 厂 Simple logic 
u is halved, s becomes 1/4 of its original —一 
value. r-約.,1, T .. 
The answer is 11.25 in [ F i n d the solution 
As the speed is smaller, the stone reaches T C h e c k i n g using 
a lower position. L s i m p l e logic 
114 
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b)The car accelerates unifornrly. < [^Verbal description 
To find its velocity when a is doubled < F Identify goal and 
and time taken is the same. L i n i t i a l states 
Acceleration is equal to change in velocity^F Relate to concept 
per unit time. L q u a l i t a t i v e l y 
As a is doubled, change is veloci ty is < Simple logic 
doubled in the same period. 
Change in velocity is 20 - 2 = 18 ms] < Q M a t h e m a t i c a l 
New change in velocity is 36 . 一工 < ["Find the solution 
Hew final velocity is between 20 ms 
and 40 ms 
\Explanation given to Control group for Step 5 — 
a)The ball moves upp/ard slower and slower. < C V e r b a l description 
At maximum.height, the speed is zero, ^hen Identify the initial 
u = 30 ms—l h = 45 m. ^ L conditions 
^rite down new ii 二 30/2 二 15 h = ? <fWrite the knowns 
and s 二贫 L I d e n t i f y the goal 
Search for an equation relating h, u and 宫 . S e a r c h for equation 
:� 〔7 Z 2 a s <—— — r Select an equation 
Substitute and solve it. < 1~Mathematical part 
b)To find the new velocity of a car as its <["identify the goal 
acceleration is doubled. 
To find the new v’ first find the new < Find a subgoal 
acceleration. So find the old acceleration 匕 
first. 
Apply equation of motion. < [[Quote concept 
a 二 （• 7 — u )/t. < r Apply equation 
Substitute and relate to t. 
To find new velocity after same time t. < [^Recall goal 
V = u -f new acceleration x t < Apply equation 




a) A blook of mess 2 k;? i s pushed along a table wi th a 
constant velocity by a force 5 N. When the push is 
increased to 9 N, what is the acceleration of the 
block? 
5 N 9 N 
> 2 kg • 2 kg 
b ) If the magnitude of the push is d o u b l e d , i.e. 
increased to 18 N, will the acceleration doubled? 




a) On a smooth table, a trolley of mass 1.2 kg is 
connected to a weight of 1.2 kg over a smooth pulley 
by an inextensible string as shown. They are 
released from rest. Calculate the tension in the 
string and the acceleration of the 1.2 kg trolley. 
14.2 kg I — Q 
The weight moves downward 
faster and while ~ h 
1.2 kg 
the trolley to 
the right. The tension in 
the string the 
trolley. The weight is 
acted on by the and 
its own • 
b ) Calculate the new acceleration of the trolley if the 
weight is two times heavier, i.e. 2.4 kg. Compare 
with the answer in a) and explain why the 





a) A ball of mass 0.2 kg is dropped onto the ground .丄 
Its speeds before and after the rebound are 3 ms 
and 2 ms" respectively. If the time of contact is 
0.1 s, what is the reaction that the ground acts on 
the ball. 
b) If the ball's surface is made of softer material, it 
will take more time to rebound back. Suppose the 
time of contact increases to 0.2 ， describe what 
will happen to the reaction that the ground acts on 
the ball. 







a) A car of mass 500 kg accelerates from 4 ms to 20 
ms in 2 s. Calculate i) the forward force ii) and 
the work done by this force. 
-O Q ^ 
The of the car increases as there is a 
_ _ _ _ _ force acting on the car. Newton ‘ s can 
be applied. As the speed increases, its 
energy increases which comes from the by 
the forward force. 
b ) At a constant speed of 20 the car is being 
stopped by _ the b/u^k只. Suppose the retarding 
force is 400000 N . Calculate the braking d i s t a n c e . 









A) Two forces 8 N and 12 N acts perpendicular to each 
other on a heavy disc of mass 2 kg on a smooth floor 






B ) A rope is connected to load of 400 N^and the load is 
falling at a constant rate of 1 m s ' . What is the 
tension in the rope? 
360 N 






• a) A block of mass 2 kg is pushed along a table with a 
constant velocity by a force 5 N. When the push is 




i 5 N 9 N 
> 2 kg • 2 kg 
b ) Calculate the new acceleration if the magnitude of 





a) On a smooth table, a trolley of mass 1.2 kg is 
connected to a weight of 1.2 kg over a smooth pulley 
by an inextensible string as shown. They are 
released from rest. Calculate the tension in the 
string and the acceleration of the 1.2 kg trolley. 
1.2 kg I 
weight of trolley W1 r^；^ 
= m l g = Z 
weight of weight W2 1.2 kg 
= m 2 g = 
a = ? 
T 二 ？ 
b) Calculate the new acceleration of the trolley if the 




i 3 EXAMPLE 
a) A ball of mass 0.2 kg is dropped onto the g r o u n c ^ 
Its speedy before and after the rebound are 3 ms 
and 2 ms respectively. If the time of contact is 
0.1 s, what is the reaction that the ground acts on 




b ) If the ball's surface is made of softer material, it 
will take more time to rebound back. Suppose the 
time of contact increases to 0.2 s, calculate the 






4 CLASSWORK i 
a) A car of mass 500 kg accelerates from 4 ms to 20 
ms~i in 2 s. Calculate i) the forward force ii) and 
the work done by this force. 
Q ^ : 
• 
. initial velocity u = 
final velocity v = 
time taken t 二 F = ? s = ? 
b ) At a constant speed of 20 ms一文， the car is being 
stopped by applying the brake. Suppose the retarding 






f 5 OBJECTIVE 
QUESTIONS 
A ) Two forces 8 N and 12 N acts perpendicular to each 
other on a heavy disc of mass 2 kg on a smooth floor 







I 1 I 
6.0 ms"^ 
I . 
J 4.0 ms_2 
f 
B ) A rope is connected to load of 400 and the load is 
falling at a constant rate of 1 ms"" . What is the 
tension in the rope? 
360 N 
i 





Explanation ~gi van to Experimen tal group for Step 1 
a)The block moves at constant speed when < F Verbal description 
5 N is acted upon. It accelerates when __ 
9 N is acted upon.. 
It moves at constant speed when a 5 N F Description in terms 
force is applied, there is no acceleration. of physical 
Friction exists and has the same <quantities. 
magnitude as the applied force which is 
assumed to be constant throughout. State assumption 
Draw arrows on the diagrams showing < Pictorial 
the frictional forces. [_ representation 
To find the acceleration. < [^Identify the goal 
Consider the net force acting on the Relate to main 
block. If there is a net ^  principle 
force. then Newton，s 2nd law tells us 
that the object must be accelerating. 一 
Use F = ma, 9 - f = ma. < [[Select an equation 
Substitute and solve it. < d S o l v e the equation 
b)Now the push is doubled,, the net force < F Simple logic 
is more than twice, since friction 
remains the same. 
By Newton 's 2nd law，as the net force Relate to main 
is more than twice, the acceleration is < principle and 
more than twice. [_ simple logic 
Checking by substitution, < ： ["Transform into 
|_numerical method 
Explanation given to Control group for Step 1 
a)The block moves at constant speed when F V e r b a l description 
5 N is acted upon. It accelerates when < 
9 N is acted upon. __ 
^e want to find the acceleration when ^ Identify the goal 
a 9 N push is applied, 
Mass is known. Force must be find first. <~~Means-ends analysis 
Force is equal to 9 - 5 N, ^  p 
Then use F = ma. |_Relate to equation 
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Substitute and solve for a. ^ [ S o l v e the equation 
b)Repeat the steps above. 
Explanation given to Experimental group for Step 2 
a)A weight is connected to a trolley over ^ F V e r b a l d e s c r i p t i o n 
a trolley. 
As thev are released, the trolley moves 厂Qualitative d e s c r i p t i o n 
to the right while the weight falls of their m o t i o n s 
down. Both of them will move faster * 
and faster therefore accelerate. 一 
The trolley is pulled by the tension in 厂Description in terms 
the string while the weight is pulled < of physical 
downward by its own weight but retarded q u a n t i t i e s . 
by the tension in the string. ^ 
Draw a, T and weight arrows. <r ("Pictorial 
|_ representation 
To find a and T, two unknowns. < [；Identify the goals 
Use Newton 2nd law which states that < ["Relate to the main 
net force is equal to the product of mass principle 
and acceleration, 
For the trollev T 二 nia and for the 厂 Apply the law and 
weight mg - T ma, < L ^ e t up the equations 
Substitute and solve the equations. < E v o l v e equations 
hihen there is no string., the acceleration ["Checking by limiting 
of the weight is g. If the weight is situation 
connected, its acceleration must be less. ^ 
b)As the weight is heavier., the value of F S i m p l e q u a l i t a t i v e 
a must be greater. <Lreasoning 
Repeat the steps in calculation. 
Check that the answer is greater than <rChecking c o n s i s t e n c y 
than in a). 一 
The acceleration is not twice as large 「Quali，a，ive reasoning 
because although the downward pulling by relating to the 
force is doubled, the total mass < main principle 
increases too. Therefore the new a will Simple logic 
be less than twice of the previous answer. 一 
' . . — — 
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Explanation gi ven to Con trol group for Step 2 
a)Repeat the question . < Ve r b a l d e s c r i p t i o n 
Knowing ml, m2, to find < F Identi f y the goals 
a and T• |_ and the initial states 
f/e have tp/o unknowns. Find two 厂 C o m p a r e the g o a l and 
equations relating them. < [_ the initial state 
Apply Newton 's 2nd law to the trolley < F State the law 
and to the weight, — 
Relate T,, a for trolley. Relate T, < F Set up eq u a t i o n s 
a and the weight of the hanged weight. __ 
We have two equations and two unknowns. < Solve the e q u a t i o n s 
Solve the equations. _ 
b)Repeat the steps. 
Explanation given to Experimental group for Step 3" 
a)The ball hits the ground and rebounds <——FVerbal d e s c r i p t i o n 
back at a lower speed. — 
—. ‘ 
At the rebound, its momentum changes D e s c r i p t i o n in 
from downward to upward. A net force < terms of phys i c a l 
must act upward. |_quantities 
Represent the rebound px^ocess by a diagram P i c t o r i a l 
with velocity vectors. < [ _ r e p r e s e n t a t i o n 
As it falls，the weight acts on it ["identify a hidden 
throughoiit which is directly downward. < condition 
Draw the weight arrow on the diagram. 一 
To Find the reaction. « [[identify the goal 
As the momentum change is upward, the < Q u a l i t a t i v e 
reaction must exceed the weight. [_ analysis 
Law of impulse can be applied here. < F Relate to main 
Impulse = change in momentum 二 尸orce x t [_principle and equation 
Substitute and solve the equation, < Solve the equation 
b)As the ball is softer, the contact time 「 Q u a l i t a t i v e reasoning 
increases and the reaction force will be < 
less, 
Substitute and find the new reaction force<-£ UumerlcRl step 
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• The net force becomes halved but the " C h e c k i n g by simple. 
reaction is greater than one half as the < l o g i c 
weight of the ball is the same throughout. 一 
Explanation gi ven to Control group for Step 3 ._ 
a)The ball falls and rebounds back at a <——QVerbal description 
lohrer speed. 
To find the reaction R of the ground on < F Identify the goal 
the ball. _ 
Write down a, v, t and m. < [； Identify the knowns 
Apply impulse is equal to the change in <~~F State the main 
momentum. [^principle 
F X t = mv - mil [1 Select an equation 
Substitute and solve the equation. < [^Find the answer 
b)Repeat the steps above. 
{Explanation given to Experimental group for Step 4 
a,) 
) 
The speed of the car increases means 厂Verbal description 
that it is accelerating. For an < • 
accelerating objects a net force acts Qualitative description 
on i t, .， 
Pictorial 
Draw the force vector on the diagram. < 1_ representation 
Apply Newton s 2nd law. 「 R e l a t e to principle 
F = m a and a can be found from u, v < and equation 
and t. 
F = mass times acceleration which is a 「 C h e c k i n g for 
net force. No problem since it is the < appropriateness 
forward force here, 一 
Substitute and find F. [： Solve the equation 
11 ) r- ^  , . . . . 
The car gains in k.e. which comes from < Qualitative 
the work done by the net force. [.description 
Work done is equal to force times 「 R e l a t e to principle 
displacement which is equal to the < qualitatively 
gain in kinetic energy. 
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The net force has been accounted for the Checking the 
friction which may exists between the < appropriateness 
car and the road. 匕 , 
i “ 
Set up the equation. < [[Select an equation 
Substitute and find the work done. < d Solve it 
b)As the car moves slower and slower, its Qualitative 
kinetic energy decreases as work is < description 
done against the braking force. _ 
By conservation of energy. < [^Relate to principle 
ffork done is equal to the decrease in 厂Qualitative statement 
kinetic energy. < L ^ f the principle 
Select the equation Fs 二 mu心 一 0 ^ Q Q u a n t i t a t i v e 
Solve the equation. < [[Find the solution 
The distance is so small and it seems 「 C h e c k i n g by consider-
that it is not reasonable that the < ing the order of 
brakes could apply such a large force. [__magnitude 
Explanation given to Control group for Step 4 ； 
a)i ) 
.The car moves faster and faster on Description of the 
a horizontal road. < [_ Problem 
We know its u, v , t and mass. To < ["identify goal and 
find the force. initial state 
Force 二 ma, so find a first. Obtain < ["Means-ends analysis 
a from u, v and t. 一 
Substitute and find a first., then find < ["Select equations 
the forward force from F = ma and solve them 
i f 戈 . ) 
To find work done by a force. < C Identify the goal 
Write down the values of u, v and m. < f Identify the initial 
conditions 
fford done = F s - mv^/2 - mu^/2 < Q Select an equation 
Substitute and find the solution. < [；Solve the equation 
b)The car is stopped by applying the Verbal description 
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Given the braking force 400000 N, its F I d e n t i f y the goal 
initial speed is known and the final < and the initial state 
speed is zero. To find the braking 
distance. L 
Apply the same equation above < Q State the formulae 
I Explanation given to Experimental group for Step 5 
a)Two forces acting perpendicular to the < F V e r b a l description 
same object. 
Forces are vector. Add vectors by < Relate to main 
parallelogram law, |_principle 
The values of acceleration produce by Simple reasoning 
the forces are 6 and 4 units by < 
simple division. _ 
The resultant of two perpendicular 厂Qualitative reasoning 
vectors must be greater than any one of < 
them. 
The answer is 7.2 . < [^Find the solution 
Can be checked by adding forces together T C h e c k i n g by numerical 
and apply Newton "s 2nd law. |_inethod 
b)Draw tension and weight on the diagram. < Pictorial 
__ representation 
As there is no acceleration,, upward force f" Relate to main 
must be equal to the downward force by < principle 
Newton 2nd law. L 
The tension is equal to the weight. 
The tension is less than the weight when ["Considering other 
the load accelerates downward. On the < s i t u a t i o n s 
contrary, the tension is greater than the 
weight when the load accelerates upward• 一 
Explanation given to Control group for Step 5 
a)Two forces acting perpendicular on a < Description of problem 
disc. 
To find a first find the resultant F Identify the goal and 
force first. < find a subgoal 
To find resultant force using vector < State the principle 
addition. 
131 
M A E / Q I / L E S S 2 / 7 
Select t,he fo^julae for vector addition. *~F Apply formulae 
R 么=Fl^ + Fir _ 
Then apply Newton s 2nd law to find a. < F State the principle 
|_ and apply formulae 
b)The mass of load and its speed is known. < F Identify the initial 
一 s t a t e 
To find the tension we use Newton < State the law 
2nd. L 
Select F : ma < [[Select equation 
W - T = ma []Substitute 





I 1 EXAMPLE 
I a) A light rod of length 300 mm is supported 
^ horizontally at its ends by two vertical strings. A 
I weight of 60 N is attached to the rod at a distance 
i of 90 mm from A . Calculate the tension in each of 
I the strings. 
I 、 T b 
I < 300 mm • 
R 
I A I B 








b ) i) When the 60 N force is applied to. 180 mm from end A, 
describe what will happen to the tension in the 
string at end B. Explain qualitatively. Check you 
answer. 
ii) Sketch the variation of the tension in B with 




a) The uniform plank below weighs 200 N and rests on 
two trestles A and B. It supports a boy of weight 
500 N in the position shown. P and Q are the 
reaction forces at A and B respectively. Find the 
the moment of P about trestle B and the reaction Q . 
P t 补 ！ 
1 m 1 m/A 1 m 1 m 2 m 
I 1 
I ^ ^ 
A i B 
200 N 
500 N 
There are altogether forces acting on the 
plank. As it is in ， t h e total upward 
force is equal to the total downward force. A l s o , 
principle of can be applied. 
b ) A weight W N is placed at the extreme right end of 
the plank, what is the value of W if it makes the 
plank tilt about B . 
As the plank tilts at point B, then the 






a) A test tube of mass 5 g, ^ength 10 cm with uniform 
cross-sectional area 2 cm is partly filled with lead 
shot and floats vertically in water with 5 cm of its 
length submerged. Calculate mass of the lead 
shot. Density of water is 1 gem . 
test tube with 
lead shot 
• i i _ I 1 1 
[ij 
b ) If 10 g of lead shot is added into the test tube, 








a) A hot air balloon and its basket together weighs 
3000 M and contains hot air weighing 厂 0 0 0 N. It 
accelerates iipward at a rate of 1 ms Caleu late 
the volume of the balloon given ^that the density of 
the surrounding air is 1.23 kgm" . Air friction can 
be neglected . ~ 
As the balloon accelerates 广 \ 
u p w a r d , there is a 、 
force acting u p w a r d . Hence / 
the is greater \ j 
than its total w e i g h t . To \ "/ 
find the u p t h r u s t , 一 
principle is used. 
b) To prevent the balloon from rising, its bottom is 
connected to a rope of negligible w e i g h t . Calculate 
the tension in the rope. Draw all the forces acting 
on the balloon in this case. 
As the balloon does not move, its acceleration is 
zero, by Newton ‘ s law, the is 






A) The figure below shows a nail being removed form a 
piece of wood by a claw hammer. The nail begins to 
move when a force of 100 N is applied at the end of 
the handle. Which one of the following statement is 
correct? 
‘ \O0hl ^ 
The force F exerts an y^  > f 
anticlockwisely moment 
2 N m. 
The frictional force 
on the nail is equal zOo^ 
to 10 N. If 
The hammer exerts an 
upward force of 1000 
N on the nail. . 
B) A flat-bottomed can of weight 5 N floats with its 
bottom 0.1 m_below the surface of a liquid of density 
1.0 X 10 kgm一3. If it floats at^the same depth in 
a liquid of density 1.2 x 10 kgm ， a weight of 
1.0 N should be added, 
1.0 N should be removed, 






a) A light rod of length 300 mm is supported 
horizontally at its ends by two vertical strings. A 
weight of 60 N is attached to the rod at a distance 
of 90 mm from A. Calculate the tension in each of 
the strings. 
< 300 mm > 
A B 
<-90 mm — . 
GOH 
b ) When the 60 N force is applied to 180 mm from end A , 
calculate the new tension in the string at end B . 
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2 CLASSWORK • 
a) The uniform plank be low weighs 200 N and rests on 
two trestles A and B. It supports a boy of weight 
500 N in the position shown. P and Q are the 
reaction forces at A and B respectively. Find the 
the moment of P about trestle B and the reaction- Q . 
P n Q 
T nr T 
1 m 1 mj|| 1 m 1 m 2 m 
‘ 八 厂 丨 A 
A i B 
200 N 
500 N 
b ) A weight W N is placed at the extreme right end of 
the plank, what is the value of W if it makes the 
plank tilt about B. 
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3 EXAMPLE •它 
a ) A test tube of mass 5 g , length 10 cm with uniform 
crosB-sectional area 2 cm is partly filled with lead 
shot and floats vertically in water with 5 cm of its 
length s u b m e r g e d . Calculate the_g mass of the lead 
s h o t . Density of water is 1 gem . 





b ) If 10 g of lead shot is added into the test tube， 
calculate the new length of the test tube below 





a) A hot air balloon and its basket together weighs 
.3000 N and contains hot air weighing _^7000 It 
accelerates upward at a rate of 1 ms . Calculate 
the volume of the balloon given ^that the density of 
the surrounding air is 1.23 kgm" . Air friction can 
be neglected. 
total weight W 二 mg 二 
acceleration a = , 、 
density of air p 二 . 
volume of balloon V 二？ \ / 
V/ 
% 
b ) To prevent the balloon from rising, its bottom is 
connected to a rope of negligible weight. Calculate 
the tension in the rope. 
total weight W 二 mg 






A) The figure below shows a nail being removed form a 
piece of wood by a claw hammer. The nail begins to 
move when a force of 100 N is applied at the end of 
the handle. Which one of the following statement is 
correct? 
The force F exerts an (COIV' 
anticlockwisely moment yp^ 一 
2 N m . 
The frictional force 
on the nail is equal 
to 10 N. I ^ Oc^ 
The hammer exerts an 
upward force of 1000 j 
N on the nail. p * “小 
B ) A flat-bottomed can of weight 5 N floats with its 
bottom 0.1 m_ below the surface of a liquid of density 
1.0 X 10 kgm_3. If it floatSg a一‘ the same depth in 
a liquid of density 1.2 x 10 kgm , a weight of 
1.0 N should be added. 
1.0 N should be removed. 




\Explanation gi ven to Experim^Tal grcmp for Step 1— IZ] 
a)The light rod is supported by two strings Description of 
a/7d is pulled by the 60 N weight downward. problem 
The tensions in the strings pull it up ^_PQualitative 
while the 60 N force pull it doj^n. The description 
rod remains at rest, it is in 
equilibrium. r…， .i 
Pictorial 
•Draw tensions in the string, ‘ [_ representat ion 
f/e are asked to find the tensions in the 卜—I d e n t i f y the goal 
strings. 
• Since it is in equilibrium, the upward ^ R e l a t e to main 
force must be equal to the downward force. [_principle 
Upward force is equal to downward force. < Q u a l i t a t i v e 
^ [_ relationship 
J, ^ T^ = GO N L S e t up an equation 
^^ it is in equilibrium., the principle of Relate to main 
moment can be applied. The principle principle 
states that when an object is in < . . 
eguiUbriim, tlie clockwise moment is Express principle 
equal to the anticlockwise moment. |_qualitatively 
Take moawnt about then 60 x 0.9 < ~ | " s e t up equation 
二 r召 A- 300, L 
Two equations and two unknowns, solve the ^ S o l v e equation 
equations. 
^^^e can apply the principle of moment to — f State the main 
solve this problem. Lprincipie 
力q the 60 N force is 2 times away from Simple logic and 
tlint A then its moment must be doubled. reason q u a l i t a t i v e l y 
Hence the anticlockwise moment in string B— 
must be doubled to maintain equilibrium. 
The tension in B will be doubled. 
L. •-
The tension in B will increases as the ^__Simple logic 
60 N force is nearer to end B, 一 
H L a) and b)i). the tension in string — [ l o w detail description 
B increases as x. 
They are. directly proportional. A J " Relate m a t h e m a t i c a l l y 
straight line through the origin will be 
obtained with a maximum which is equal L 
to 60 N when x equals to 300 mm. 
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Explanation given to Control group for Step 1 
a)The light rod is supported by two < Simple description 
strings and the 60 N force acts downward. _ 
To find the tensions in the strings. < Q Identify the goal 
^e have two unknowns and so we have to findTSearch for equations 
two equations in order to solve them. <~一 
We can apply the principle of moment. < [[State the p r i n c i p l e 
Take moment about point A., < Q S e t up an equation 
60 X 90 = Tr X 300 ' 
力s the rod does not move , T^ + T^ : 60 <~QSe七 up an' equation 
The upward force is equal to the downward < S t a t e the principle 
force. 
b)Repeat the steps in a) 
Explanation given to Experimental group for Step 3 
a)The plank is supported by two trestles. Verbal description 
The trestles support the boy 's and the < 
plank's weights. There are four forces — 
acting on the plank. 
To find the moment of P and the reaction Identify the goal 
As the plank is in equilibrium, the ^ ^ R e + at? to main 
principle of moment can be applied. principle 
The net force acting on the plank must be 一 
zero. 
To find the moment of P about point B., take Identify the goal 
moment about point B., the moment of Q is — q u a l i t a t i v e l y 
^ero. Moment of P is clockwise. 一 
Qualitative 
Clockwise moment = anticlockwise moment relationship 
Find the moment of the 500 N and 200 N < Mathematical 
about point B. 
From moment of P find P. As downward force State main principle 
is equal to upward force. 
P + Q : 500 + 200 ‘ "i_Form an equation 
Find Q ^ "" [_ Solve equation 
t, it iust tilts, ^e can apply principle of Relate to main 
\wment. ‘ LpHnciple 
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As the plank tilts at point B, the i^eactio;?FQualitative 
at P vanishes. • [_ description 
Hence the moment of A' is equal to the < Solve qualitatively 
moment of P as before. 一 
Weight of f/ - moment of P / 2 < [_Mathematical 
I Explanation given to Control group for Step 2 
a)The plank is supported by two trestles. Verbal description 
The trestles support the boy 's and the < 
plank 's weights. There are four forces 
acting on the plank. L 
We know the weight 500 N and 200 N. To <— Identify the initial 
find the moment of P about B and reaction state and the goal 
Find reactions P and Q first. < |_Find a subgoal 
The plank is in equilibrium and hence < State the principle 
principle of moment can be applied. 一 
Take moment about trestle A, < Select an equation 
500 X 1 + 200 X 2 = Q x 3. L 
Solve for Q. < L ^ i n d the goal 
Next find P, relate P and Q. < Compare with the goal 
p + Q : 500 + 200 < Instate the equation 
Solve for P. < 1_ Solve the equation 
Moment of P about trestle B = P x 3 < F Relate to the goal 
一 b y formulae 
b)W is placed at the extreme end to make < Description of problem 
the plank tilts about point B. 一 
P becomes zero when the plank tilts < Identify a hidden 
about B. L ^ t a t e 
Use principle of moment without P. < State the main 
[_ principle 
500 X 2 + 200 X 1 = W X 2 < [_Form the equation 




I Exp lana t i on gi ven i o Exp or i in en iai gr oup for Step 3 ] 
a)The test tube with lead shot floats ^ f" Simple description 
in a beaker of water. _ 
There are two forces acting on the tube. 「 Q u a l i t a t i v e description 
The total weight and the up thrust. They in terms of force 
have the same magnitude. ^ 
“Pictorial 
Draw the force vectors on the diagram• < [_ representation 
To find the mass of lead shot. < Q Identify the goal 
The weight is related to the weight of T Relate to main 
fluid displaced. Apply law of flotation. |_principle 
Weight of floating object = up thrust = ^ ["Qualitative 
weight of fluid displaced. [_ relationship 
Weight of test tube + weight of lead shot F M a t h e m a t i c a l 
- p g V. equat ion 
Substitute and solve for mass of lead shot. Solve equation 
b)TJie 10 g of lead shot will float on ["Qualitative 
‘water too. < a n a l y s i s 
The extra water displaced will be equal to 
the extra weight added. [z 
Apply principle 
Upthrust 二 weight = P g A 1, and ‘ R e l a t e to equation 
U is directly proportional to 1. i^l: 1: 
New length = old length + Ai < [；; Relate to goal 
\Explanation given to Control group for Step 3 : 
a)The test tube with load floats vertically Verbal description 
in a beaker of water. 
We want to find the mass of the lead . ^  Identify the goal 
Write down the mass of test tube, its depth_ Identify initial 
below water ami area, also density of F/atei^ states 
Use Archimedes ‘ principle. < |_State main principle 
U = p g V. < [[Select an equation 
Find U first. — ~ C F i n d a subgoal 
U is equal to the total weight. i [[Relate to law 
U in g : 5 -h m < [_¥ind an equation 
Find m. C Solve it 
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b)10 g of lead shot is added. < [[Describe the problem 
Total mass is 10 g more. 
Use y = p g V < 1_ Select an equation 
Find V. < Q F i n d a subgoal 
V = A X 1. ^ Relate to goal 
Solve for 1. . < F Find the solution 
Explanation given to Experimental group for Step 4 
a)The balloon is filled with hot air and < [^Verbal description 
it accelerates up. 
The balloon experiences two forces, the ^  ["Description in terms 
up thru St and its total weight. U acts \_of forces 
upward and W acts down ward, 
r Pictorial ‘ 
Drap/ the forces on the diagram. ^ |_ representation 
As it accelerates upward, U > W. < [[Qualitative analysis 
To find the volume of the balloon. < Q Identify the goal 
As it accelerates upward, apply Newton *Relate to principle 
2nd law. 
Net force 二 mass x acceleration < Q A p p l y equation 
U - W = m X a < H Apply formulae 
To relate if, use Archimedes ‘ principle^ F Relate to principle 
U = p g V. |_ and equation 
Substitute and solve for V. < Q Solve fot equation 
b)A rope is connected and prevent the ballooi^r Describe the problem 
from rising. 
Pictorial 
Draw the tension in the rope. . ^ r e p r e s e n t a t i o n 
Mo acceleration means upward force is equairRelate to principle 
to the downward force. * [.qualitatively 
U = w + T. < Set up an equation 
Solve for T. < Solve the equation 
Explanation gi ven to Control group for Step 4 —— 
a)A balloon in air accelerates upward. < Q D e s c r i p t i o n of problem 
To find the volume of the balloon. < (^Identify the goal 
yrite the values of the given variables^ ["identify the initial 
Total weight., a and density of air. L states 
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Weight = LiptJirust cx directly proportional Relate- to concept 
to density of fluid < and build proportional 
relationship 
5 : 1.0= (5 + A,) : 1.2 < Set up equation 
Solve the ra tio < Solve for solution 
Explanation given to Control group for Step 5 
a)Find the momen t of F. < Identify goal 
Moment = F x d = 100 x 0.2 二 20 Nm < [[Relate to formulae 
1st option is incorrect. < []Check answer 
Find the frictional force that acts on ^ _ F Identify the goal 
the nail. • 
Use principle of in omen t. < — j^Main principle 
F X D 二 f X d < Relate quantitatively • 
f - 1000 N. < Find solution 
b)Find the volume of can below water first. Identify subgoal 
Use U = p g V. < r Apply formulae 
Substitute and solve for V. < [[Find unknown , 
Apply again to new situation. < H Apply formulae 
If ‘ - p ' g y < Find unknown 
IT 一 U = additional weight. < F Relate to goal 




a) A body of mass 20 kg, moving with unif orjj 
acceleration has an initial momentum o f 2 0 0 kgms 
and after 10 s, the momentum is 300 kgms . What is 
the acceleration of the body and the distance 
travelled within this period? 
As the momentum of the body , there must 
be a force acting on the boy. — 2nd 
can be applied here. 
b ) If the final momentum is doubled, i.e. becomes 600 
kgms一1，will the force acting on the body doubled? 
Reason qualitatively and check your answer 
numerically. 
As final momentum is doubled, the change in momemtum 
now becomes . Therefore the net force 




a) A truck of mass 1000 kg is travelling at a velocity 
of 15 ms"^. It collides head on a car of mass 500 J^g 
travelling in the opposite direction at 20 ms • 
They stick together after the collision and the 
collision destroys their engines completely. They 
move and stop in 10 m . Calculate the the frictional 
force that acts on them after the collision. 
15 ms'i 20 ms ^ < 
( o 。、⑤ 
b ) If the speeds of the truck and the car are doubled, 
deduce what will be the new braking distance after 
the collision assuming that the frictional force 
remains the same without calculation. 




a) The diagram below shows two vehicles on a linear air 
track. After colliding they move off separately 
the right. Vehicle A moves with a speed of 2 ms . 
Calculate the speed of vehicle B after the. collision. 
5 • at rest 
I I 
參 會 条 A 書 會 參 奢 參 I 會 參 參 參 
air 0 2 kg 0 . 2 kg 
‘ • " ” " • “ ‘ I ‘ 1 i — • l « » l l - « l l l l 1 « I I I _ I I _ l ‘ ' • ‘ I • • • “ 
•！ . • 
As the vehicles are on a linear air track, 
can be neglected, therefore is conserved. 
I 
We can apply of conservation of momentum. 
I 
•h 
b ) If the mass of vehicle A is 0.3 kg. Describe the 
speed of vehicle B after the collision when compare 
I with the answer in part a〉. • 
As the mass of A increases, its lost in 
increases. As momemtum is . The 
in momentum of B increases and hence its speed will 





A) A trolley of mass 2 kg with a spring of negligible 
mass moves to a_rigid wall on a smooth horizontal 
‘ floor at 0.4 ms"^. It hits the wall and reverses its 
direction of travel after 0.2 s. What is the force 
that acts on the trolley and the trolley's change in 
momentum during the collision? 
• wall 
r ；] w 
MP 
force change in momentum 
4 N to the right 0.8 kgms"^ to the left 
: 8 N to the left 1.6 kgms"^ to the left 
8 N to the left 1.6 kgms'^ to the right 
B ) Two trolleys A of mass 2 kg and trolley B of mass 4 
kg collides head on each other on a smooth floor. 
They stop immediately after the collision. Before 
the collision their ratio of 
kinetic energy A to B is 1:1 
velocity A to B is 1:2 




I 1 EXAMPLE 
a) The diagram below shows a truck of mass 3 kg moving 
at 10 ms"i along a horizontal track about to collide 
with another stationary truck of mass 2 kg. After 
the collision, the trucks link and move together. 
What is the momentum of the 2 kg trolley after the 
collision. 
• 1 0 ms一i 





b ) Calculate the total kinetic energy before and after 
the collision process. 
i ‘ 
i I 





L 2 CLASSWORK 
a) A body of mass 20 kg, moving with unif orij 
acceleration has an initial momentum o f 2 0 0 kgms 
and after 10 s, the momentum is 300 kgms . What is 
the acceleration of the body and the distance 
travelled within this period? 
initial momentum = final momentum = 
time taken = mass = 
a = ? s = ? 
b) If the final momentum is d o u b l e d , i.e. becomes 600 
kgms"^, calculate the force acting on the body. 
initial momentum = final momentum 二 
time taken t 二 force 二 ？ 
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4 3 EXAMPLE 
I a) A truck of mass 1000 kg is travelling at a velocity 
of 15 ms . It collides head on a car of mass 500 j^g 
travelling in the opposite direction at 20 ms . 
They stick together after the collision and the 
, collision destroys their engines completely. They 
move and stop in 10 m. Calculate the the frictional 
force that acts on them after the collision. 
I 
15 ms i 20 ms i . 
< 
^ Iq O 堀 
I. 
i 
I i I 
I 
b ) If the speeds of the truck and the car are doubled. 
Calculate the new braking distance after the 
collision assuming that the frictional force remains 
the same. 
H . 











^ 4 CLASSWORK 
a) The diagram below shows two vehicles on a linear air 
track. After colliding they move off separately 
the right. Vehicle A moves with a speed of 2 ms . 
Calculate the speed of vehicle B after the collision. 
5 ms_i ~ > at rest 
I I 
1 • • A I . • • • • I B I . • • • 
彳 air 0 . 2 kg 0 . 2 kg 
t 
mA = mB = 
UA = UB = 




b) If the mass of vehicle A is 0.3 kg. Calculate the 
speed of vehicle B after the collision. 
E R " 
B ' ' 
K 





• 5 OBJECTIVE 
QUESTIONS 
A ) A trolley of mass 2 kg with a spring of negligible 
mass moves to a_ rigid wall on a smooth horizontal 
floor at 0.4 ms"^. It hits the wall and reverses its 
direction of travel after 0.2 s. What is the force 
that acts on the trolley and its change in momentum 
during the collision? 
^ wall 
丨 c n j T w 
— 
force change in momentum 
4 N to the right 0.8 kgms""^ to the left 
I 8 N to the left 1.6 kgms"^ to the left 
i 
8 N to the left 1.6 kgms"^ to the right 
！. 
B ) Two trolleys A of mass 2 kg and trolley B of mass 4 
！ kg collides head on each other on a smooth floor. 
They stop immediately after the collision. Before 
the collision their ratio of 
i 
kinetic energy A to B is 1:1 
velocity A to B is 1:2 
momentum A to B is 1:1 
雜’ 
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i truck collides head on the trolley ^ D e s c r i p t i o n of Problem 
； \ n d they stick together after the col lis ion 
\ Since they stick together the collision Relate to concept 
I inelastic. f P i c t o r i a l 
^ Dra^, schematic diagram after the c o i J i s i o / ; ^ representation 
I ro find the momentum of the 2 kg trolley < I d e n t i f y the goal 
； after the collision, 
‘Since 舶删 turn is conserved in a ^ J" ^^ '"ain 
when there is no friction. Lprinapr 
. .. ["Check the condition 
The floor is smooth. <- l 
^ P P i y law of 二 on 二 = 丨 二 H ~ a n f r e 5 a L l o concept 
Momentum is equal to the produut ot mass L 
and velocity. 
T.eir velocities are the same since they ^^e.son q u a l i t a t i v e l y 
stick together. 
——r Select an equation 
Mu + 0 = Mv + niv 
J 7  ^ T Solve the equation 
Substitute and solve foi v. L. 
• 7 如 1 i-u^ nrntiuct of 「 R e l a t e to concept 
Momentum is egual to the piodUL.t or , q u a l i t a t i v e l y 
mass and velocity. ^ 
” r Find a formulae 
Momentum of trolley = mv < 
bmnetic energy - .ass x veioeit//. < [^⑴^：七七。 
inmal A... 二 MU〜，f^n.I A... -- . _ _ [ S u b s t i t u t e 
• Nv^/2 + mv^/2 
Final U.e. is l^ss than 二 ^ ^ 
人‘e as the collision is an inelastic^ , _ 口 ^  
one' Energy is not conserved in an 
inelastic collision though momentum is — 
conserved, -
ani^e true, hits tl.e stationary trolley , _ _ [ V e r b a l description 
on a horizontal table. 
^rite down the known variables. C Initial states 
M, iJ SLiid m. 
： , To find the momentim of the 2 kg truck ^ I d e n t i f y goal 
, after the coll is ion. 
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p = m V ^ r Relate goal to formulae 
m is known and so find v first. < [^Find a subgoal 
Apply mom en turn equation . < State main principle 
Mu + mu ‘ = Mv + mv. < Relate to formulae 
Substitute and solve for v, < d Solve for unknown 
Then substitute in p 二 mv. F Relate to goal by 
[_ formulae 
b)To find the k.e. before and after the < F Identify goal 
collision. L 
K, e. - mu^/2 Q Relate to formulae 
Initial k.e. 二 + mu < [；; Substitution 
Final k.e. = Mv^/2 + mv^/2 < [[Substitution 
Explanation given to Experimental group for Step 2 I 
a.)The body^s momentum inqqeases from < [^Description of problem 
‘200 kgms to 300 kgms一 . 
As the momentum of the body increases, by ["Qualitative discussion 
Newton "s 2nd law, net force is equal to of problem and relate 
the rate of change of mom en tun], there must to main principle 
be a net force acting on the body. As <~ 
a net force acts on it, it must be 一 
accelerating. _ 
Set up qualitative 
Change of momentum : force x time < L description 
Find net force acting on the body. < C Identify goal 
F t = final momentum 一 initial momentum. < S e t up equation 
Substitute and solve for a. < C Solve the equation 
To find the distance travelled s. Eguationr Identify goal and 
of motion is applied since it accelerates^ check for 
uniformly. L appropriateness 
s = ut + at^/2, so find u first. < f Set up equation 
一 and find a subgoal 
From initial momentum = mu. ^ E Relate to concept 
Solve for u and substitute back. < C Substitute 
b)As final mom en turn is doubled., the change i/7[~ Simple reasoning 
‘momentum is equal to 400 kgms in the sam^ related to 
time. L principle 
• 1 6 1 
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When compare with the change in momentum inF Comparison 
a), the force must have been increased mo^e 
than twice. 一 
Apply impulse equation force x time = < Apply equation 
change in momenturn. 
Checking the 
Substitute and find the net force. < [_ consistency 
Explanation gi ven to Control group for Step 2 
a)A body momentum increases in 10 s Simple description 
in a straight line. 
Write down the given data, initial momentum Identify initial 
final momentum, mass and time taken. <|_ states 
To find the acceleration, find u and v <——F Identify goal and 
first. |_ f ind subgoal 
mu 二 200 kgms—l and mv= 300 kgms] . ^ Write down given 
_ data. 
Find u and v. < 匚 Solve for unknown 
Apply a : * \2Set up an equation 
To find the distance travelled. < [] Identify the goal 
s = ut + at^/2 < - C A p p l y equation 
Substitute and solve for s, < Substitute and find 
— the unknown 
b)To find the net force. < [^Identify the goal 
Write do mi the initial momentum, final < Identify initial states 
momenturn and time. 
Look for and select 
F t = mv - mu < L an equation 
Substitute and sol ve for F. < C S o l v e for the answer 
Explanation gi ven t ^ Exp e rim en~taT~gr o up for Step 3 
a)The heavier truck collides with a car < Simple description 
on a level road. 
It is a collision process and probably ^ Description in terms 
they move to the right since the truck limiting condition 
is heavier than the car. 
* r— 
To find the friotional force that acts ^ Identify goal 
on them after the collision, 一 
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Since in a collision, momentum is F Relate to principle and 
conserved when the impulsive force is <noting the underlying 
large enough. Assumed that the friction assumption 
is relatively small during the collision. — 
Apply principle of conservation of momentum^Relate to principle 
Apply momentum conservation equation. < L S e t up equation 
Solve for their common velocity v. < []Find an unknown 
After the collision, their engines are <——F Identify condition 
destroyed and friction stops them. L 
york is done against friction at the ^ ["Description in terms 
expense of kinetic energy. \_of physical process 
f^ork done = lost in k.e. ["Qualitative relation — 
[_ ship 
F X s 二 k.e. after collision, < [[^Mathematical formulae 
Substitute and solve for F. < [[Find answer 
b)If the speeds of them are doubled., the ["Relate to main concept 
initial momentum is doubled and hence < and principle 
the final momentum is doubled. ^ 
Since the total mass remains unchanged, ^ F Reason qualitatively 
their common speed wi11 be doubled. — 
After the collision, k.e. decreases as i^orA'TQualitative description 
is done against friction, < L ^ f process 
^hen speed is doubled, k.e. becomes 4 tiirjesT Simple logic 
as before and hence the braking distance 
becomes four times when the frictional <~~ 
force remains unchanged, 
Explanation gi ven to Control group for Step 3 
a)The two vehicles collide together < - T V e r b a l description 
and stop after the collision. 
To find the frictional force after ^ Identify goal 
the collision. 
^rite down the mass of the vehicles and ^ F l d e n t i f y initial 
their speeds before collision. [_ conditions 
Since it is a collision,, apply momentum ["State principle and 
equation. Mu -f mu ‘ : Mv + mv. < relate to it 
mathematically 
• Substitute ami solve for v. <• [； Find a subgoal 
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After collision，they stop in 10 m < (" Identify physical 
situation 
f/ri te down the speed after collision, < 厂 Identify initial 
final speed is 0 as they stop and s = 10 m [_ states 
Find a by v^ = u^ + 2as. < d Apply formulae 
Find friction by F 二 ma. < Q A p p l y law 
b)f/rite down the new sneeds of the truck ^ [" Identify new initial 
and the car, 30 ms~ and 40 ms ~ . Lstates 
Repeat the steps in a) 
Explanation given to Experimental group for Step 4 
a)The two vehicles ride on a linear air <——["Description of the 
track where air is blown from the holes problem situation 
below the track: 
They are supported by air therefore < F Identify the key 
their motions are close to friction free, aspect 
To find the velocity of B. < [；Identify goal 
Vehicle A hits 8, A slop/s down while B <——[[Qualitative description 
moves fOX'ward. 
As it is friction free, in the collision F Relate to main 
momentum will be conserved. ^e can apply^ principle and check 
conservation of momentum, [_the appropriateness 
Momentum before collision : women turn a / t e r f Q u a l i t a t i v e description 
collision. Momentum is the product of mass of main principle 
and velocity. 
Mu + mu ' 二 Mv + mv ‘ < Select equation 
Substitute and solve for the speed of < [； Solve for the goal 
vehicle B after the collision. 
b)If the mass of A is greater, then its i o s t ^ Reason qualitatively 
in momen turn will be larger. 
By momentum conservation, the lost in F Relate to main 
momentum by A will be equal to the gain principle 
in momentum of B. Hence the speed of < Find solution by 
B after the collision will be greater simple logic 
than that in a) 
As the mass of A becomes very great, 「 C h e c k i n g by 
vehicle B will moves forward at a < limiting situation 
high rate. 
Explanation given to Control group for Step 4 
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a) Vehicle A hits vehicle B which is < F Simple description 
initially at rest on an air track. L o f problem 
To find the velocity of B after the < [[identify the goal 
collision. 
Write down the values of M, u, in, u ‘ ^ F Identify initial 
and 二 ？ ]_ states 
I . • 
Apply momentum conservation. < [[State main principle 
, Mu + mir 二 fiv + mv- < [[Relate to formulae 
f 
Substitute and find [； Solve equation 
b)Repeat the steps in a) 
\ Explanation given to Experimental group for Step 5 
a)The trolley has a spring at the front. < f" Verbal d e s c r i p t i o n 
It hits the wall and rebounds back at 匕 
1 the same speed, 
j To find the force tim t acts on the trolley Identify goal 
！ and the change in momentum during the 一 
collision. 
The trolley moves to the right and then ^Qualita七ive description 
rebounds back to the left, < 一 
I Draw the velocity vectors of the trolley F P i c t o r i a l 
i. before and after the collision. < representation 
I L 
^ The momentum before the collision is to 「R^asc^ning throu|h 
the right and after the collision is to < t h e direction of 
i the left. Hence the change is to the physical q u a n t i t y 
left. 
By Newton S 2nd law,, force x t =� 「^^el〒” to 
change in momentum,, hence force and q u a l i t a t i v e l y 
change in momentum must be in the < 
same direction. 一 
The second option is the only one by ^ S e l e c t answer 
considering the directions of force < 一 
and momenturn change. 
t)ln a collision., momentum is conserved j Relate to principle 
‘f7hen there is no friction. 一 
The floor is smooth. ——CCheok app r o p r i a t e n e s s 
-
! They stop after the collision and hence ^ _ f Reason q u a l i t a t i v e l y 
the momentum after the collision is zero. — 
Hence their momenturn must have equal ^ ^ Simple logic 




\Explanation • g . i f o r Step 5 
a)The trolley has a spring at the front. < Verbal d e s c r i p t i o n 
It hits the wall and rebounds hack. 匕 
To find the force that acts on the trolley^' Identify the goals 
and the change in momentum. 匕 
f^rite down m, u.. v and t. < [^Given n u m e r i c a l data 
Change in momentum = mv - mu < Q M a t h e m a t i c a l 
F X t 二 mv - mu [；; Relate to formulae 
Substitute and find F. < dFincl solution 
b)Two trolleys of mass 2 kg and 4 kg collie ["Verbal d e s c r i p t i o n 
and stop afterward. 
In a collision. , ： _ [ " R e l a t e to prin c i p l e 
Apply Mu -h mu ‘ : Mv + mv' by equation 
Find the ratio of velocity. ["Find n u m e r i c a l 
solution 
K.e. = mass x velocity^/2. Find the^ 「 F i n d numerical 
ratio of kinetic energy. [_ solution 
Momentum 二 mass x velocity to find 「 F i n d n u m e r i c a l 
the ratio of momentum. solution 
« 
. t 
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il EXAMPLE 
“ a) A bob of mass 0.2 kg is suspended by a light 
I ‘ inextensible string to a fixed point 0 . The bob is 
； pulled aside to A which is 0.2 m above the lowest 
I point B . The bob is then released and allowed to 
« swing from A to C through B. Calculate the velocity 
1 of the bob at the lowest point B . ^ 
I 产 " 
^ J ； 
T O i r、. 
r )� 、l 
、麵J 
I 
i • • • 
I 
b) What will happen to the bob's 
‘ i) kinetic energy, ii) velocity 
t of the bob at the lowest point B if the bob is 






a) A block of. mass 4 kg is pro.j ected with 80 J of 
kinetic energy up a smooth inclined plane which makes 
30o with the horizontal. After moving a certain 
distance up the plane it then slides back to its 
point of projection. Calculate the maximum height 
reached by the block above its initial position. 
. Kinetic energy of the block as it moves 
up 七he plane. It gains in as it moves 
upward. We should apply of energy 
as the plane is smooth. The gain in p . e . is equal to 







b ) If the speed of the mass has been doubled, what will 






a) Two blocks of masses 2 kg and 3 kg are connected to 
the end of a rope over a smooth pulley. Initially, 
the 2 kg mass is lower than the 3 kg mass and they 
are released from rest. After they are released, 
calculate the velocity of the 3 kg mass when it 
descends 1 m. 
3 kg 
2 kg 
b ) If the 3 kg mass is replaced by a 6 kg mass, will the 
total kinetic energy of the masses doubled when the 6 




a) A boy of mass 50 kg runs up a stair of 150 steps each 
0.2 m high. He takes 40 s to climb the stair. 
Estimate the power of the boy. 
r— 
^ ^ ^ I——f 150 steps 
As the boy runs up, he gains in . 
And power is equal to per unit time. 
« 
% 
b ) If a fat boy who has twice the mass runs up the same 
stair and takes 80 s, what will be his power? Think 




I 5 OBJECTIVE 
J QUESTIONS 
A) Two metal balls of masses 1 kg and 2 kg are held 2 m 
^ above the ground and then released at the same time. 
^ When they reach a height of 1 m, they have the 
i 
丨 same kinetic energy 10 J 
[ 
i 
same potential energy 20 J 
• , 
-1 
same speed 4 .f7 ms 
/ 
B ) A trolley of mass 1 kg on a smooth table is connected 
to a weight of mass .3 kg over a smooth pulley as 
shown. They are released from rest. What is the 
kinetic energy of 七he trolley after the weight 
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1 EXAMPLE 
a) A bob of masF： 0.2 kg is suspended by a light 
i i n e x t e n s i b l e string to a fixed point 0 . The bob is 
pulled aside to A which is 0.2 m above the lowest 
point B . The bob is then released and allowed to 
swing from A to C through B . C a l c u l a t e the v e l o c i t y 
of the bob at the lowest point B . 
I / : \ 
I / � \ 
v / ； 、 ： 
0 巧 J、 、‘ 
^ 0 
b ) C a l c u l a t e the 
I 
j i) kinetic e n e r g y , ii) v e l o c i t y 
i 
； of the bob at the lowest point B if the bob is 










i 2 CLASSWORK 
； a) A block of mass 4 kg is projected with 80 J of 
i kinetic energy up a smooth inclined plane which makes 
丨 with the horizontal. After moving a certain 
j distance up 七he plane it then slides back to its 
I point of projection. Calculate the maximum height 
reached by the block above its initial p o s i t i o n . 
I 
angle with horizontal 二 mass of block m = 
initial k.e. = final k.e. = 
maximum height h 二 
b) If the speed of the mass has been doubled, calculate 





a) Two blocks of masses 2 kg and 3 kg are connected to 
the end of a rope over a smooth pulley. Initially, 
the 2 kg mass is lower than the 3 kg mass and they 
are released from rest. After they are released, 
« .、 calculate the velocity of the 3 kg mass when it 
I descends 1 m. 
" T I T " ' 
M I 3 kg i 












I b ) If the 3 kg mass is replaced by a 6 kg mass， 
I calculate the total kinetic energy of the masses when 







a) A boy of mass 50 kg runs up a stair of 150 steps each 
0.2 m high. He takes 40 s to climb the stair. 
Estimate the power of the b o y . 
、 r — ^ ~ “ 
O . 
^ ,——I 150 steps 
丨丨• X 
mass m = n o . of steps 二 
time t 二 h = 
power P 二？ 
* 
b ) Calculate the power of a fat boy who has a mass of 






A) Two metal balls of masses 1 kg and 2 kg are held 2 m 
above the ground and then released at the same time. 
When they reach a height of 1 m, they have the 
same kinetic energy 10 J 
same potential energy 20 J 
-1 
same speed 4 .f7 ms 
B) A trolley of mass 1 kg on a smooth table is connected 
to SL weight of mass 3 kg over a smooth pulley as 
shown. They are released from rest. What is the 
kinetic energy of the trolley after the weight 
descends 1 m? 
V kg ^ Q 
3 kg 
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\Explanation gi ven to Experimental group for SiepT" 
a)The bob swings from A to B to C. f Ver b a l d e s c r i p t i o n ] 
It moves faster and faster. ^ 
• 
Draw velocity vectors on the diagram. < P i c t o r i a l 
一 representation 
Velocity is a maximum at B as it is 厂Description in 
the lowest position. < terms of phy s i c a l 
Kinetic energy is a maximum at B• "-quantities 
Kinetic energy comes from potential 
energy. 
To find the velocity. < Identify the goal 
P.e. changes to k.e. ^ p r e l a t e the physical 
Use conservation of energy. principle 
Loss in p.e. is equal to 
gain in k.e. 
mgh 二 inv2/2 一 inu^/2 < [_Select the equation 
Check the motion is frictionless. < L c h e c k i n g 
Substitute and solve it. < Q S o l v e the equation 
b)As the mass is doubled, its loss in p.e. Q u a l i t a t i v e 
is doubled. L d e s c r i p t i o n 
Gain in k.e. is doubled. < ["Relate to main 
_ p r i n c i p l e 
By conservation of energy, k.e. doubled M Z ^ o l v e q u a l i t a t i v e l y 
but mass has been doubled. Velocity 
remains the same. 
.\ Explanation given to Control group for Step 1 
a)The bob swings from A to B to C. < Verbal description 
It moves faster and faster. 
We want to find the velocity at B. < Identify the goal 
Initial velocity is zero, L_and initial states 
Height h is 0.2 m. 
Given h, u and to find v. < - T A p p l y the main 
Use conservation of energy. [_principle 
mgh = mv^/2 - mi^/2 < d Q u o t e the equation 
177 , > 
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Substitute and sol ve the equation. < Solve the equation 
b)Repeat the steps as in a). 
I Exp 1 an at ion gi ven to Experimental group for Step 2~] 
a)Block moves slower and slower Precise verbal 
as it moves up. At maximum height < description 
its speed becomes zero. ^ 
Draw the position of the block < Pictorial 
and indicate zero speed. representation 
K. e. of block dect^eases as it < Qualitative 
moves upward and changes into [_description 
p. e. 
P. e. is directly proportional to h. < [_ Relate to goal. 
Apply conservation of energy. < F Relate to physical 
Gain in p.e. - loss in k.e. principle 
No energy dissipated as the plane < [[Checking 
is smoott^. ？ 
mgh : mu^/2 一 mv\/2 <r- ： [_Equation 
Solve the equation. < [；Solve the equation 
b)As it moves upward, k.e. changes into p.e. <-["Qualitative 
i description ； 
As speed is doubled, k.e. <x v^ hence < F Relate to other 
j k.e. becomes 4 times. law 
I Maximum p.e, becomes 4 times by energy ^ p Relate to main 
conservation. ^principle 
Maximum height is 4 x ansvier in a) < L ^ o l v e qualitatively 
[Explanation given to Control group for Step 2 
a)Block moves slower and slower Precise verbal 
as it moves up. At maximum height < description 
i ts speed becomes zero. 
To find the maximum height given Identify the goal 
initial k.e., final k.e. zero. < and the initial 
|_ states 
j Look for an equation relating < — Check the 
them. L d i f f e r e n c e 
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I Apply energy equation. < F State the main 
I p r i n c i p l e 
I p 
i nigh - mu^/2 一 inv^/2 < [_ Select an equation 
I p . 
j Substitute and solve the equation. < L Solve the equation 




j\Explanation given to Experimentad group for Step 3 
I a勵en they are released, 3 kg moves 厂 
downward and 2 kg moves upward at < Verbal description 
the same rate throughout. ^ 
Draw positions of masses and their < P i c t o r i a l 
velocity vectors. representation 
They move faster and faster as 3 kg < ["Verbal description 
moves do mi ward and 2 kg moves upward. 匕 
Their k.e. increases as the 3 kg mass 厂Qualitative 
moves downward and the 2 kg mass moves < description in 
upward. 3 kg mass losses p.e. while Precise physical 
the 2 kg mass gains P-e. 匕 v a r i a b l e s 
j Apply conservation of energy, 厂Relate to main 
； Total loss in p.e. = total gain in k.e, <principle and 
1 express 
( ^ q u a l i t a t i v e l y 
i p — 
I Mgh - mgh 二 Mu2/2 + mu^/2. ^ Select the 
L equation 
Substitute the values and < C ^ o l v e the equation 
solve the equation. 
The equation is valid as the pulley is < Checking for 
smooth. L a p p r o p r i a t e n e s s 
b)If a 6 kg mass is used,, it moves down Verbal 
•at a higher rate. They moves faster as < description 
the 6 kg mass moves down and 2 kg 
mass moves up. » 
The total k.e. increases as the 6 kg mass Relate to main 
losses p.e. while the 2 kg mass gains p.e. L p r i n c i p l e 
Total k.e. = loss in p.e. by 3 kg -� 「Qualitative 
gain in p.e. by 2 kg description in terms 
in the first part. ^of energy conversion 
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2 X total k.e. = 2 x loss in p. e by 3 kg Solve 
- 2 X gain in p.e. by 2 kg qualitatively 
< loss in p.e. by 6 kg 匕 
一 gain in p.e. by 2 kg ‘ 
Apply equation gain in k.e. = Mgh 一 mgh < [_ Checking 
Solve the equation. . < [] Numerical work 
Check for consistency with the initial < Checking 
description. 
Explanation given to Con trol group for Step 3 
a)When they are released, the heavier one < F V e r b a l description 
moves downward and the lighter one moves 一 
upward. Their speed are the same. 
To find the common speed of the masses. < F Identify the goal 
ft^e know the height, initial speed which & initial states 
is zero. 
We can apply conservation of energy. < L Relate to principle 
Mgh 一 mgJi = Mv^/2 + mv < [_ Select an equation 
Substitute and solve the equation. < [[Solve it 
b)The situation is similar. < f Description of the 
[_ problem 
Identify the goal. < ^ I d e n t i f y the goal 
Apply the conservation of energy again. < Relate to principle 
Use the equation and solve it. < ["Select equation & 
L solve it 
[Explanation given to Experimental group for Step 4 
a .Ms the boy runs up. [ i n i t i a l description 
The boy gains in p.e： The shorter time ^ Qualitative 
. he takes, the greater is his power. L d e s c r i p t i o n 
To find the increase in p.e. < E T h e subgoal 
E - mgh < [[Relate to formulae 
Calculate E ["Calculate the unknown 
180 
• . 
. MAE/QI/LESS5 /5 
For the same amoun t of in erase in p. e. ,, Qualitative 
the shorter the time, the greater the < description and relate 
power. [_ to definition 
Power is equal to the rate of energy < F E x p r e s s meaning 
transfer, [^verbally 
p - E/t < H Select equation 
Substitute and find F. < P Substitute and find 
_ solution 
a)The mass is doubled, gain in p.e. is < ["Relate to principle 
doubled. 
Power is the ratio of energy and time. f G i v e definition, relate 
[_ to main principle 
The power remains unchanged as the < F Solve qualitatively 
time taken is doubled too. |_by simple logic 
Explanation .given to Control group for Step 4" 
a)To find the power of the boy. < [_ Identify the goal 
p 二 E/t Relate it to a formulae 
Time is known and so find E first. < ["Compare the difference 
[_ and find a subgoal 
Find gain in p.e. < — [ R e l a t e to a formulae 
E = mg X no. of steps x h Q S e l e c t a formulae 
Power = E/t < — R e l a t e to final goal 
Substitute and solve it. C Solve the equation 
b)Repeat the steps in a) 
Explanation given to Experimental group for Step 5| 
DThey moves faster and faster at < [ Q u a l i t a t i v e description 
the same rate. 





Speed the same after same displacement. < [_ Solve qualitatively 
2)They are connected by the same string. < [_Verbal description 
Their speed must be equal throughout. < Qualitative description 
Gain in k.e. is equal to loss in p.e. < Relate to main 
__ principle 
% 
Gain in k.e. < Total loss in =30 J < ["Qualitative checking 
of trolley p.e. by considering the 
L l i m i t i n g condition 
Check when the inequality holds. < Check for 
appropriateness 
Explanation given to Control group for Step 
1 )Check the goal by applying energy < Find the numerical 
formulae to find the k.e. solution by 
comparing the goal 
the initial states 
Check the goal by applying energy Find the numerical 
formulae to find the p.e. < solution by 
comparing the goal 
_ & the initial states 
Check the goal by applying equation Find the numerical 
of motion to find the speed. < solution by 
comparing the goal 
the initial states 
2)They are connected by the same string. < L v e r b a l description 
•Their speed must be equal throughout. 
To find the k.e. of the trolley. < Identify the goal. 
h is 1 m and they are initially at rest < [ " i d e n t i f y the initial 
[_ states 
Select a formulae.^ C ^ P P l y equation 
Mgh : inv^/2 + Mv'/2 




： a) The graph below shows the speed-time graph for an 
： object of mass 5 kg moving from rest on a rough 
horizontal surface. If the applied force is 6 N , 
! calculate the work done against friction in the first 
j 6 s. ： speed ms 
i 
» t « 
i 
； -
1 - ‘ 
——I——I——I——1——“——t/s 
1 2 3 4 5 6 
id.. 
、 b ) Assumed that the frictional force is a constant. If 
, the applied force is doubled, what happens to the 
work done against friction in the first 6 s? 














j 2 CLASSWORK 
a) Trolley A of mass 3 kg with light frictionless wheels 
which is held at rest on a smooth inclined plane 
which makes to the hori^.ontal. It is then 
released from rest at a height 1.25 m above the 
horizontal surface. It then collides with a second 
similar trolley of mass 2 kg which is initially at 
rest. After the collision the two trolleys travel 
forward as a single body. Calculate the total 
kinetic energy of the trolleys after the collision. 
mA 
^ ^ E S T 
丨 As A accelerates downward, it moves faster and 
It gains energy while losses — 
energy. Energy is conserved since the surface is 
. When A collides with B , — is 
conserved. 
b ) If the mass of trolley B is 1 kg, calculate the 
final kinetic energy as the process is repeated. 






a) An effort of 250 N raises a load of 1000 N through 5 
m in a pulley system. The effort pulls over a 
distance of 30 m in rasing the load. 
In 
l-W- • 
； i) Calculate the efficiency of the pulley system, 
f 
• . • 
i 
m • 
ii) Calculate the amount of energy wasted. 
- 1 
b ) If the load rises up at a steady rate of 0.2 ms , 
i) calculate the work done by the effort in 10 s, 




a) A boy is lifting sandbags from the floor onto a shelf 
1.6 m high. The weight of each sandbag is 10 N. The 
boy exerts an average force of 16 N in lifting each 
sandbag. The boy lifts 80 sandbags in 100 s. Find 
the efficiency in the whole process. 
Efficiency is the ratio of energy to 
input energy. Here the useful input energy is the 
by the boy and the useful output energy is 
the in .p.e. of the sandbags. 
b ) Now the boy works harder and he exerts an average 
‘ larger force of 20 N and he lifts 100 sandbags in 80 





A ) A 2 kg block si ides down a rough inclined plane at an 
angle to 七he horizontal from a height of 2 m . 
The average frictional force acting on the block is 4 
N. When it reaches the end of the plane its 
2 kg 
gain in kinetic energy is 50 J 
lost in potential energy is 40 J 
work done against friction is 10 J 
B ) The figure below shows a real pulley system. An 
effort of 40 M is applied to raise a 60 N load 
steadily up. The power input of the effort is 40 W. 
Which one of the following statements is correct? 
1 The output power is 40 W . 
I 
I The gain in potential energy of the 
I load in 2 s is 80 J . 
f -
The work done wasted in 1 s is 10 J . 
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i 1 EXAMPLE 
a) The graph below shows the speed-time graph for an 
object of mass 5 kg moving from rest on a rough 
horizontal s u r f a c e . If the applied force is 6 H , 




1 2 3 4 5 6 
I 
b ) Assumed that the frictional force is a constant The 
applied force is now d o u b l e d , calculate the work done 





a) Trolley A of mass 3 kg with light frictionless wheels 
which is held at rest on a smooth inclined plane 
which makes SO。 to the horizontal. It is then 
released from rest at a height 1.25 m above the 
horizontal surface. It then collides with a second 
similar trolley of mass 2 kg which is initially at 
rest. After the collision the two trolleys travel 
forward as a single body. Calculate the total 
kinetic energy of the trolleys after the collision. 
mA 
h 二 mA 二 mB 二 
final k.e. 二 ？ 
b ) If the mass of trolley B is 1 kg, calculate the final 
kinetic energy as the process is repeated. 
h = mA 二 mB = 




a) An effort of 250 N raises a load of 1000 N through 5 
m in a pulley system. The effort pulls over a 
distance of 30 m in rasing the load. 
i) Calculate the efficiency of the pulley system. 
ii) Calculate the amount of energy wasted. . 
- 1 
b ) If the load rises up at a steady rate of 0.2 ms , 
i) calculate the work done by the effort in 10 s, 




！ 4 CLASSWORK 
a) A boy is lifting sandbags from the floor onto a shelf 
1 . 6 m high. The weight of each sandbag is 10 N. The 
boy exerts an average force of 16 N in lifting each 
sandbag. The boy lifts 80 sandbags in 100 s. Find • 
the efficiency in the whole process. 
weight of each sandbag W = 
height raised h : 
effort E = 
efficiency = ？ 
r . 
¥ 
\ ‘ I 
I 




b ) Now the boy works harder and he exerts an average 
larger force of 20 N and he lifts 100 sandbags in 80 
s. Calculate the new efficiency of the process. 
weight of each sandbag W 二 
height raised h = 
effort E : 
\ . 
efficiency 二 ？ 
191 
i 
f ^  
:: S5PHY/CCM/C/L65 
fij 5 OBJECTIVE 
QUESTIONS 
A) A 2 kg block slides down a rough inclined plane at an 
angle 30。 to the horizontal from a height of 2 m . 
；, The average friotional force acting on the block is 4 
'玄 N. When it reaches the end of the plane its 
. 2 kg 
2 m 
” 30。 
； gain in kinetic energy is 50 J 
lost in potential energy is 40 J 
work done against friction is 10 J 
5 
4 •； 
B ) The figure below shows a real pulley system. An 
effort of 40 N is applied to raise a 60 N load 
steadily up. The power input of the effort is 40 W. 
： Which one of the following statements is correct? 
； 
•j . I 
* Xm^mmrn 
f 
I The output power is 40 W. 
I： The gain in potential energy of the 
load in 2 s is 80 J. 
The work done wasted in 1 s is 10 J . 
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MAE/QI/LESS6/7 
Explanation given to Experimental group for Step 1 
a)The speed-time graph shows that the object 
.is accelerating at a cons tant rate. And Simple description 
friction opposes the motion of the object. — 
To find the work done against friction. <~[_Identify goal 
The applied force do work on the object 
and increases its kinetic energy, bo wever Qualitative description 
part of the energy is wasted as friction in terms of physical 
opposes the motion . [_ variables 
Work done by the applied force is equal p 
to the gain in k.e. of the object plus < Relate to goal 
the work done against friction. [_qualitatively 
Conservation of energy < Relate main principle 
；7 _ 
F X s 二 (jriv。/2 一 0) + W < [__ Select equation 
To Find s from the area under the v-t * ["Find a subgoal 
graph. L 
Substitute s and evaluate < F Substitute and solve 
_ for the goal 
b)If the applied force is doubled., then the ["Qualitative 
object will accelerate faster, hence the < ~ analysis 
distance travelled in 8 s will increase 
hence work done against friction will _ 
increase. 
^ork done against friction is equal to ^ F Relate to principle 
friction times distance. [_qualitatively 
Hence work done against friction i n c r e a s e s ^ Simple logic 
From a) f - work done / displacement. It •-[^Checking 
remains unchanged here. 
To find the new work done, first find the 
new displacement in 6 s. 
a - (2F - f)/m Work forward to 
The acceleration is uniform and apply * find the answer 
equation of potion. 
s = ut + at^/2. 
Substitute in work done = f x s 一 
The answer is greater than that in a) < [^Checking consistency 
Explanation gi ven to Control group for Step 1 
B.)rhe speed-time shows that the object movef「Verbal description 
faster and faster and friction exists. ^ 
To find the 卯rk done against friction. < [_Identify goal 
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Knowing m = 5 kg, F ~ 6 N and the v~ i： < Iden t ify initial states 
graph. 
W : f X s [_ Relate goal to formulae 
Find f and s. < Find subgoal 
s is area under the graph. — 
Apply A formulae to find area for 6 s. 
Next to find f. ^ Means-ends analysis 
Apply force = ms .， F - f 二 nm. 
To find a from the slope of v-t graph. 
Find a and then substitute to find f• L 
—S u b s t i t u t e and solve 
From f and s and substitute in J/^ = f x s . L ^^r the goal 
b)When the applied force is doubled, it ^ F V e r b a l description 
becomes 12 N. Friction remains the same ^ 
To find new work done against friction. < Q Identify goal 
W = f X s ^ < Relate to formulae 
Apply F , - f 二 ？ ^ |~Find subgoal 
Find a “ and find s “ : ut + a'f^/2 ^ 
Substitute back and find the work done. < [[Find the goal 
Explanation given to Experimental group for Step 2 
a)Trolley A slides down and collides with 雀 F Simple description of 
B which is initially at rest. [_the problem 
As A slides down, it accelerates and 厂 
gains k.e. . The gain in k,e, comes Description in terms 
from A s- p.e. Energy is ^ of physical 
conserved as the surface is smooth. Qualitative 
^hen A collides with B, the collision is description related to 
inelastic and momentum is conserved. principles 
To find the total k.e. of the trolley. < Identify goal 
Before the collision , the speed of A can ^__F Apply main principle 
be found from conservation of energy. — 
Loss in p.马.二 gain in k.e. J " Q u a l i t a t i v e relation-
mAgh 二 拟』i7乙/•？ |_ship then quantitative 
It is applicable as the surface is smooth. <-[1 Checking 
In the collision, initial momen turn - final ["Qualitative then 
momenturn. <— quantitative 
mAu = mAv + mBv ^ 
Total k,e. after collision = k.e. of A + 头 F Relate to goal 
k.e. of B L q u a l i t a t i v e l y 
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Substitute and find the final k. e. < F Mathematical 
b)Repeat the algebraic steps in a). 
The total kinetic is greater than that in Qualitative 
a). The total kinetic in an inelastic <discussion of 
collision depends on the mass of the [_result on limiting 
colliding objects. situation 
Explanation given to Control group for Step 2 | 
a)Trolley A slides down and collides ^ F V e r b a l description 
with trolley B on a smooth surface. 
To find the total k.e. of the trolleys <——F Identify the goal 
after the collision. 
We known h, niA, itiB, < Identify initial states 
As A slides down mAgh 二 m為u气< F Relate principle by 
_fo r m u l a e 
In a collision, apply momentum equation. < []State principle 
mAu + mBu ‘ - mAv + mBv < [[Select an equation 
Solve for v. < — [^Find the subgoal • 
Kinetic energy = mass x velocity'^/2 ^ F Substitute and find 
Substitute for mass and velocity. answer 
b)Repeat the steps in a) 
Explanation gi ven to Experimental group for Step 3 
a)In this problem., an effort raises a load 厂Description of problem 
through a pulley system. The effort is <~~ 
smaller than the load but the effort pulls 
over a longer distance than the rise in 
height of the load. _ 
Vo find the efficiency of the pulley < 一 Identify the goal 
system. 
Efficiency is egual to the ratio of output 「 Q u a l i t a t i v e definition 
energy to input energy, < Lof Boa.1 
77 : output energy ^ 卿 y。 考 [^Relate to formulae 
input energy ^ 切 
Output energy is the gain in p.e of the < Relate to concept 
load : mgh. 
Input energy is the work done by the ^ F Relate to concept 
effort = E X d. 
Substitute and find efficiency. < ^ A l g e b r a i c substitution 




The efficiency should be less than 100 % 厂Cheeking by 
since some energy is wasted. A pulley or<~~ considering the 
machine cannot help us to save energy. limiting condition 
Machines help us to save effort, a smaller 
effort 250 N can be used to raise a heavier 一 
load 1000 N. 
• • \ 
J厂' 「 
To find the amount of energy wasted. < [_ Identify the goal 
The input energy is converted into the 厂 Description in terms 
p . e . of the load which is useful. The ^ physical relationship 
rest is wasted for example in doing 
Nork against friction. _ 
As input energy : usefirl energy + energy^ Q u a l i t a t i v e 
wasted relationship 
Substitute and find the solution. < M a t h e m a t i c a l 
b)Given than the load rises at 0. 2 ms < |_Problem description 
The effort pulls back at a higher rate ^ ["Qualitative 
since it is pulling a heavier load. . |_description 
i) r 
To find the work done by E in 10 s. < [^Identify goal 
The load rises a height of 0.2 x 10 = 2 m<~["Calculate and identify 
an initial state 
As the load rises 5 m,, effort pulls 30 m. f~" Relate q u a l i t a t i v e l y 
The distances are in simple ratio for the “|_then q u a n t i t a t i v e l y 
same pulley. 
5 ： 30 = 2 ： d < —C S e t up an equation 
Solve for d. < Solve the equation 
Work done by E is equal to force x distancer Qonoept first and 
: E X d. < - L t h e n formulae 
• • > 
To find the power wasted. < [[identify goal 
Energy wasted 二 input energy x ( 1 - V ) < C Relate to formulae 
Power is equal to energy per unit time. ^ ["Qualitative and then 
P 二 应 w a s t e d / 1 0 . ^ q u a n t i t a t i v e 
Substitute and solve for P. < — f S o l v e for answer 
1 Explanation gi ven to Control gx^oup for Step 3 
a)An effort pulls a load up through a < [；Description of problem 
pulley system, ^ 〉 
To find the efficiency of the system. < [[identify goal 
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Write down the values of L，D’ E and d. <——Identify initial states 
Apply T) = L X D V inn ^ f Relate to goal 
~ ~ Y T ~ c r ^ • |_by formulae 
Substitute and find the efficiency. < [^Fincl the solution 
ii) ^ 
To find the amount of energy wasted. < [_ Identify the goal 
Apply equation energy wasted - ^ Relate to goal 
input energy x ( 1 - ”，> an equation 
Substitute and solve for the goal. < Q Solve the equation 
b}The load is being raised at a steady rate 「 D e s c r i p t i o n of 
of 0.2^ms . < L p r o b l e m 
i)� 「�
To find the work done by the effort. < 1_ Identify the goal 
^ri te down the values of E，L, v and 77. < [[Find initial states 
W = E X d, so find d first. < ["Relate goal to 
formulae 
d' : D : 30 : 5 from the gi ven data. < —T Relate unknown to an 
equation 
— — 
Find d and substitute into equation. < Solve and substitute 
ii) 厂� 、�
To find the powei' wasted within this period Identify the goal 
P 二 wasted / time < Relate to formulae 
Find energy wasted first. < — { I F i n d a subgoal 
Energy wasted : E x d ( 1 - T) ) < F M a t h e m a t i c a l 
[_ relationship 
Find energy wasted and substitute back.< [^Algebraic work 
Explanation given To Experimental group for Step 4 1 
a)A hoy is lifting sandbags from the floor来_ Verbal description of 
‘to a shelf. His effort is greater than problem 
the weight of each sandbag. 
To find the efficiency. < ： ^ I d e n t i f y the goal • 
As the sandbags are raised,, they gain in 「 Q u a l i t a t i v e description 
p.e. which is the useful output while < i n terms of energy 
the boy work done in raising them is 
the input. 
Efficiency is the ratio of output to ["Relate goal to 
input energy. —principle qualitatively 
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Tf = output energy/input energy x 100 %•务 Then formulae 
Output energy is tker total gain in p.e. ^—[" Qual itative and then 
-m g h = (80 X 10) X 1. 6 —[_quantitative 
Input energy is work done which is force Qualitative and then 
times distance E x d = 16 x 80 x 1.6 < quantitative 
Substitute and find the ratio. < F Find the goal 
The efficiency is less than 100 % because 厂Checking the 
not all the effort is used to raise < 1_ consistency 
the load. 
b)To find the new efficiency. < Identify the goal 
Apply the same formulae. < Q Relate quantitatively 
The efficiency decreases as more the ratio -Checking the 
of the load to the effort decreases and <~~ meaningfuIness of the 
hence the efficiency will decrease, [_ solution 
'Explanation jTfi^'Fin?石 group for Step 4 
a)A boy is lifting sandbags from the floor ^ _ F Verbal description 
onto a shelf. 一 
To find the efficiency of the process. < [[ Identify the goal 
Knowing ¥，Edistance and nO. of sandbags 「 I d e n t i f y initial 
being raised in 100 s. < [_states 
77 : mgh / (E X d) X 100 Z < [；Relate to formulae 
Substitute the variables and find the ^ ["Substitute and solve 
solution. "j^for the goal 
b)Repeat the steps in a) 
Exp 1 an ation ~g7ven to Experimental group for Step~5 
a)The 2 kg block slides down a rough i/7eJi;7edrVerbal description 
plane from rest for a height of 2 m. < — 
As it slides down, it loses p.e. which 「 D e s c r i p t i o n in terms 
is converted into k.e. and work done < of physical variables 
against friction as the plane is rough. [_related to principle 
Apply conservation of energy with / r i c t i M a i n principle 
The loss in p.e. depends only on the 「 Q u a l i t a t i v e 
change of its height 二 mgh = 2 x 2 x 10 < ~ relationship and then 
r 40 J. [_quantitative 
So loss in p.e. > gain in k.e. and < ["Limiting conditions 
loss in p.e. > work done against friction ^ t o find the answer 





It is a machine which could save effort F D e s c r i p t i o n related to 
but cannot save energy. < 1_ main principle 
As the inpu t power is 40 ^,, then the ou tput F Limit ing condition 
power must be less than 40 W. Option 1 < [_ related to principle 
is being ruled out. 
As the useful output power is equal to < Relate to concept 
p.e. gain per unit time, hence 80/2 = 40 then quantitative 
for the 2nd option• It is being ruled out. [_formulae 
As the input power is 40 W, the speed of F M a t h e m a t i c a l 
the effort is 1 ms~ and so the load is < reasoning 
raised at 0.5 ms~ . The output power is ’ 
60 X 0.5 = 30 W. Power wasted is 40 - 30 
=10 w hence 10 J in Is, ^ 
Explanation given to Control group for Step 5 
a)The block slides from rest do mi an ^ inolinedTVerbal description 
plane from a height of 2 m. 
To find the k.e. loss in p.e, and work < 「 I d e n t i f y numerical 
done against friction in this process. goals 
f^rite down m, Ji, u = 0 and f = 4 N< [^Identify initial states 
Apply conservation of energy equation. < State main principle 
mgh = f d -h (niv^/2 - mu^/2) < 〔 S e l e c t an equation 
d = 2 /sin 30'^. < [[Find an unknown 
Substitute and find v. < ["Substitute and find 
一 a n unknown 
Evaluate k.e..， loss in p.e and fxd. < ["Evaluate numerical 
__ answers 
b)The effort pulls a load up at a steady F V e r b a l description 
rate through a real pulley system. < — 
Knowing E，L and input power. < [；;Identify initial states 
Applv -0 r. M.A./V.R. X 100 Z and find rj. <~~~f~ Relate to principle 
by formulae 
Apply V output power/input power x 100 ["Check answers 
to find output power. Rule out option 1. [_quantitatively 
Gain in p.e. = output power x time. < ["Check answers 
Rule out option 2. [_ quant itatively 
Power wasted 二 input power x ( 1 - >7 ,) ^  ["Check answer , 
Option 3 is correct. [_quantitatively 
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PROBLEM S O L V I N G ACHIEVEMENT TEST 
MAE/QI/PS/1 
Name ： Class : ( ) 
Answer ALL the questions in the spaced p r o v i d e d . Steps are 
required. If necessary, take g 二 10 ms . 
1) A boy of mass 40 kg slides down a slide of 
total length 15 m from a height of 6 m. ^ 
The average frictional force acting on the f P C 
boy is 100 H when he slides down. “ 
Calculate the speed of the boy at the end 
of the slide. jj _ 
2) A 5 kg trolley is connected to a 3 kg 
weight over a smooth table through a 
smooth pulley. Calculate the acceleration [^SJ n 
of the 5 kg trolley when the 3 kg mass is K ^ 
allowed to fall from rest. n ^ i ^ 
LP’ 
\ 
3) A 2 M block is released from rest and 
slides down a smooth inclined plane of y-v 
length 5 m which makes an angle 30 to 
the horizontal. What is the time taken 
to reach the lower end of the plane? 厂 
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4 ) A tennis ball of mass 0 . 04^kg hits the 
ground at a s^-eed 15 ms" and rebounds 
back at 8 ms" . If the contact time is 
0.2 s, what is the average reaction force . 
that the ground acts on the tennis ball J 』、€)奶5 
in this collision? Q O 
‘ W w f 、 ~ ~ 
5)A m a n . weight W , stands on a uniform bar j — 
of weight 100 N which rests on two ^ ^ 
trestles. If the reactions at the left ' ^ If 
and right trestles are 300 N and 600 N 个 呆 
respectively. Calculate the distance X 
which is where the man stands away from " " "陶 | J^ vy ill 
the centre of the bar . le 2rv\ 
6) A lorrv of mass 3000 kg is travelling at " 
10 ms on a highway. The driver observes 一、 
an accident ahead and applies the brake. ^ 
If the average braking force is 10000 N, 
calculate the braking distance. ) 
7) A man exerts a pull of 800 N to a rope 
over a pulley and raises a lo|d of 50 kg 广 
up at a steady rate of 1 ms 一 . What is L X o^ofs/ 
the efficiency of the pulley? I ^ 
幻 f e [ ~ 
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8〉 A man of mass 50 kg jumps into a cart on a 
frictionless rail which is moving at 4 
ms" . Given that the cart‘s mass is 200 ^o 
kg. What is the total kinetic energy of j — ^ ~ 
the man and cart after the man jumps into :、• [ 
the cart? “ “ 
9) A large balloon ig filled with hot air to 
a volume of 300 m and has a total weight 广 
of 3000 N. If the density of the ( I 
surrounding air is 1.2 kgm" ， calculate \ J 
the acceleration of the balloon. V n T 
m 
10)A 4 kg block is projected up a smooth ~ 
inclined plane which makes an angle 45_ ^ to ^ ^ 
the horizontal at a speed of 5 ms .丨； 
Calculate the maximum distance along the / 
plane that it can reach. 
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MARKING SCHEME OF PROBLEM SOLVING ACHIEVEMENT TEST 
General Instructions 
D E a c h problem scores 0， 1 or 2 marks. 
2)No marks will be deducted for wrong or no units. 
3)2 M correct method and correct answers, 
• or correct method plus correct substitution but 
wrong ca Iculation, 
4)1 M for partial correct method with correct substitution 
1) loss in p.e . 二 卵 i n in k.e. + work done against friction [1] 
40x10x6 : 他 + 15x100 丨丄丨 
V = 6.67 ms 
OR 
loss in p.e. 二 gairizin k.e. 
40x10x6 二 6〔)xv /2 
• V 二 10.9 ms i only ⑴ . 
r 1 ] 
2) T - 5 X a L J 
30 - T 二 3 X a 一 2 L J 
a 二 3.75 ms 
3) a 二 10sin30^ ⑴ 
S 二 lit + at 
. 5 二 Ot + (10sin30 )t /2 1-丄 J 
t = 1.41 s 
4 ) either a 二（v - u)/t 二（15 ^ 8〉/0.2 
or R - mg 二 ma .. ^  
R - 0.04 X 10 : 0.04 X (15 + 8)/0.2 U J 
R r： 5 N 
W + 100 二 300 + 600 ⑴ 
W = 800 N 
W x + ( 3 0 0 ) 1 二 （ 6 0 0 ) 1 ⑴ 
X 二 3 0 0 / 8 0 0 二 0 . 3 7 5 m 
2 [ 1 ] 
6) F X s = mv /2 
2 r 1 1 
1000 X s 二 3 _ X 10 /2 . … 
s 二 15 m 
OP [rj 
F = 1000 = 3000 a 
V 二 u 2 as [1] 
0 = 10、2(1000/3000)s 
s = 15 m 
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1 7 ) e f f i c i e n c y 二 output power ^ ^qq ^ [1] 
I input p o w e r ‘ ‘ 
1 ‘  Inn ^ 1 X 100 % 二 62.5 % 〔1〕 
800 X 1 
1 . 
I 8 ) 200 X 4 二 （200 + 50)v [1] 
i V = 3.2 ms 
I k.e. 二 （200 + 5 0 ) 3 . 2 / 2 二 1280 J [13 
i 
j 9) II 二 P/?V 二 1.2 X 10 X 300 [1J 
； 二 3§00 N 
i U - mg = ma ⑴ 
! 3600 - 3000 : 300x a a = 2 ms 
[ 
10) loss in k.e. 二 gain in p . e . 二 ！•〕sin 4 5 ^ [1] 
V 二 u + 2as 
4 ( 5 ) 2 / 2 二 4 ( s s i n 45"^) 10 0 二 - 2 a s [ 1 ] 









1) A 2000 kg lorry travels to the right at 10 m/s and it 
collides wit 11 a stationary car of mass 1200 kg on a high w a y . 
After the col1 ision, they s l i c k together. What is the 
I., velocity of the car immediately after the collision? 
j z To solve this p r o b l e m , you think that it belongs to 
I ‘ ‘ 
I 
I 1 a co 11 ii s i on pr oblem . 
• 2 a velocity p r o b l e m . 
\ 3 a conservation of momentum p r o b l e m . 
2) A roller coaster slides down a frictionless rail from a 
； height of 40 m from r e s t . After travelling a distance of 150 
； m , it goes to a point of height 10 m_ What is the kinetic 
, energy of the roller coaster at this height? 
丨 T o solve this p r o b l e m , you think that it belongs to 
I 1 an energy conservation p r o b l e m . 
1- 2 a Newton ‘ s 1st law p r o b l e m . 
3 a kinetic energy p r o b l e m . 
K 
卜 3) A para c h u t i s t of total mass 80 kg jumps off a plane and opens 
his p a r a c h u t e . If the frictional force of the air is a 
: constant of magn i t u d e 600 M , what is his v e l o c i t y 10 s after 
the jump? 
“ The solution of this problem is 
1 1 m/s 
2 25 m/s 







1) Over a smooth pulley a string hangs two blocks of mass 4 kg 
and 5 kg at its ends. When they are released, the heavier 
mass accelerates downward while the lighter one accelerates 
u p w a r d . What is the tension in the string? 
/ To solve this p r o b l e m , you think that it belongs to 
1 a pulley and block problem. 
2 a tension problem. . 
3 a Newton‘s 2nd law p r o b l e m . 
2) A car of mass 1000 kg travels at 60 km per hour. The driver 
sees an accident ahead and he immediately applies the brake. 
The car stops in 30 m, what is the braking force of the 
car assumed that it is a constant? 
To solve this p r o b l e m , you think that it belongs to 
1 a braking car problem. 
2 a energy change and work done p r o b l e m . 
3 a momentum change p r o b l e m . 
3) A boy drops a bottle of mass 0.1 kg from the 1st floor of a 
building and it takes 0.9 s to reach the g r o u n d . The boy 
tries a basketball of mass 0.2 kg again. What is the time 
taken for the basketball to reach the ground? 
.The solution of this problem is 
1 0.9 s 
2 0.45 s 
3 0.3 s 
4 ) A basketball of mass 0.4 kg is dropped from rest vertically 
downward. 2 s later, it hits the ground and rebounds back. 
It hits the ground again 2 s later. What is the maximum 
height reached by the basketball after the 1st rebound? 
To solve this p r o b l e m , you think that it belongs to 
1 a vertical motion p r o b l e m . 
2 a rebound and height problem. 
3 an uniform acceleration under gravity problem. 
5) A balloon of volume 200 metre cubes contains hot air of low 
density. The density of air outside is 1.14 kg per metre 
cube and the total mass of the balloon is 180 kg. What is 
the acceleration of the balloon? 
To solve this problem, you think that it belongs to 
1 a balloon and acceleration problem. 
2 a Newton's 3rd law problem. 
3 problem on upthrust and net force. 
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6 ) Trolley A of mass 1.2 kg travels towards the left at 2 m/s on 
a smooth b e n c h . It hits head on a loaded trolley B of mass 
12 kg which is initially at rest. The collision is elastic. 
What is the velocity of trolley A after the collision? 
The solution of this problem is 
( 1 0.36 m/s to the left 
2 2 m/s to the left 
3 1.6 m/s to the right 
7) A man exerts a pull of 800 N to a rope over a fixed pulley 
machine and pulls it at a rate of 0.8 m / s . The other end of 
the rope raises a heavy load of 50 kg at the same rate. What 
is the power against friction? 
To solve this p r o b l e m , you think that it belongs to 
1 an energy conservation problem. 
2 a pulley machine problem. 
3 a power and with friction problem. 
8) A balloon filled with hot air has a total mass of 400 kg. 
It is fixed to the ground by a strong rope of negligible 
m a s s . The tension in the rope is 1200 N . What is the 
value of the upthrust acting on the balloon? 
To solve this p r o b l e m , you think that it belongs to 
1 an upthrust problem. 
2 a Newton's 2nd law p r o b l e m . 
3 a balanced force p r o b l e m . 
9) A man of weight 800 N stands on a weighing machine in a lift. 
He pushes the 10th floor button and the lift starts moving 
u p w a r d . What is the possible reading of the weighing machine 
when the lift starts moving? 
The solution of this problem is 
1 880 N 
2 800 N 
3 750 N 
10) A horizontal constant force is applied to a trolley of mass 
2.0 kg on a smooth floor. The trolley's speed increases from 
4 m/s to 12 m/s in 2 s. What is the magnitude of the force 
applied on the trolley? 
To solve this problem, you think that it belongs to 
1 a constant force problem.. 
2 a Newton's 2nd problem. 





11) A pendulum bob of mass 0.2 kg is connected to a string of 
length 1 m . It is displaced sideway to 0.2 m above its 
lowest point and released from rest. What is maximum speed 
of the bob when it swings to the other end? 
To solve this p r o b l e m , you think that it belongs to 
广 1 a problem on maximum speed. 
2 a force on pendulum swing problem. 
3 an energy change problem. 
12) A man exerts a pull of 500 N to raise a load of 40 kg over a 
single fixed pulley. The load moves upward steadily at a 
rate of 1.5 m / s . Friction cannot be n e g l e c t e d . What is the 
efficiency of the pulley? 
The solution of this problem is 
1 8 % 
2 80 % 
3 125 % 
13) A block of mass 4 kg slides from rest down a rough inclined 
plane which is at 30 degrees to the horizontal. The average 
frictional force acting on the block is 5 N . What is the 
speed of the block 2 s later? 
To solve this problem, you think that it belongs to 
1 a block and inclined plane problem. 
2 a Newton's 2nd law and acceleration problem. 
3 a speed of object on rough surface problem. 
14) A seesaw has a total length of 3 m. Jack, mass 50 kg, Ann, 
mass 20 kg and Paul of mass 30 kg join and play a 'balance‘ 
game. When Paul sits at the left end and Jack sits at 1 m 
from the right end, where should Ann sit? 
To solve this p r o b l e m , you think that it belongs to 
1 a problem on m o m e n t . 
2 a force ratio problem. 
3 a seesaw balance p r o b l e m . 
15) Ah Ming, a S6 student, joins the 100 m race in the annual 
school athletic m e e t . In the race, he takes 12 s to finishj 
100 m . Which is his momentum right at the finish point of 
the race? 
The solution of this problem is 
1 10 kgra/s 
2 100 kgm/s 






16) A constant force of 25 N pulls a 10 kg load on a rough floor 
with frictional force 4 N over a distance of 4 m. The load 
is initially at rest. What is the kinetic energy of the load 
at the end? 
To solve this p r o b l e m , you think that it belongs to 
, 1 a problem on work d o n e . 
2 a problem on rough floor and force. 
3 a problem on kinetic energy. 
17) A lump of plasticine of mass 0.5 kg is released from rest at 
a height 2 m above the ground. It falls down and hits the 
ground without rebound. It is stopped in 0.1 s. What is the 
reaction that the ground acts on the plasticine? 
To solve this p r o b l e m , you think that it belongs to 
1 a reaction problem 
2 an energy and momentum change problem. 
3 a problem on Newton‘s 1st law. 
18) On a smooth inclined plane at 30 degrees to the horizontal, a 
m kg block accelerates downward at a. Another identical mass, 
m kg, is sticked onto the first one. What will be the new 
acceleration of the two blocks down the plane? 
The solution of this problem is 
1 between a and 2a 
2 a 
3 2a 
19) Trolley A of mass 1.2 kg collides head on another trolley B 
of mass 0.8 kg which is initially at rest on a 
friction-compensated platform. The collision is inelastic. 
What is the common velocity of the trolleys after the 
collision? 
To solve this problem, you think that it belongs to 
1 a momentum conservation problem. 
2 a collision problem. 
3 a trolleys on friction-compensated platform. 
20) An object of mass 2 kg is projected at a speed of 5 m/s up a 
smooth inclined plane. It reaches a maximum distance of 6.0 
m up the plane. What is the angle that the plane makes with 
the horizontal? 
To solve this p r o b l e m , you think that it belongs to 
1 a motion on an inclined plane problem. 
2 an angle and distance problem. 
3 an energy conservation problem. 
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21) A boat experiences an upthrust of 80000 N without any cargo 
in it. Its depth below water is 0.5 m. When it carries 
I 10000 N , its depth below increases to 0.75 m. What is the 
I upthrust acting on the boat now? 
I 
The solution of this problem is 
1 15000 N 
2 80000 N 
3 90000 N 
22) Car X, mass 1200 kg, in a racing tournament speeds up at a 
constant rate. Its speed increases from 40 km per hour to 
100 km per hour over a distance of 20 m. Air resistance is 
neglected. What is the time taken? 
To solve this p r o b l e m , you think that it belongs to 
1 a distance and time problem. 
2 an uniform acceleration p r o b l e m . 
3 a car's motion problem. 
23) An engine of power 40 kW is used to raise boxes each has a 
mass of 40 kg at a constant rate of 1 m/s. If the efficiency 
of the machine is 75%, how many boxes can be raised at the 
same time without overloading? 
To solve this problem, you think that it belongs to 
1 a problem an engine's p o w e r . 
2 a problem on raising boxes. 
3 a problem on energy. 
24) Mary of mass 40 kg sits at the right end of a seesaw of total 
length 4 m. John of mass 50 kg sits somewhere at the left 
side to keep the seesaw in a horizontal position. What is 
the moment of John about the centre of the seesaw? • 
The solution of this problem is 
1 zero 
2 100 Nm clockwisely 
3 800 Nm anticlockwisely 
25) A heavy pendulum of mass 1 kg is connected to the end of a 
string 2 m long. At the lowest vertical position, it is 
projected horizontally at 1 m/s. What is its height above 
the lowest point when its speed becomes 0.2 m/s ？ 
To solve this problem, you think that it belongs to 
1 a pendulum swing problem. 
2 an energy conversion problem. 




26) The speed of a cart, mass 40 kg, increases from 2 m/s to 6 
m/s over a distance of 15 m on a smooth floor when a constant 
force is applied. What is the work done by the applied 
force? 
To solve this p r o b l e m , you think that it belongs to 
1 a work done problem. 
2 a transfer of energy p r o b l e m . 
3 a transfer of of momentum problem. 
27) A pendulum bob of mass 0.15 kg is d i s p l a c e d sideway and 
； released from rest. When it reaches the lowest p o i n t , its 
； speed is 0.2 m / s . If the bob is replaced by a heavier bob of 
mass 0.3 kg. What is its speed at the lowest point? 
The solution of this problem is 
1 0.8 m/s 
2 0.4 m/s 
3 0.2 m/s 
28) A 4 kg block and a 5 kg block are connected to the ends of a 
string over a smooth pulley. The blocks are initially at 
rest and then they are released. What is the speed of the 5 
kg block when it descends 1 m? 
, To solve this p r o b l e m , you think that it belongs to 
1 an energy conversion p r o b l e m . 
2 a blocks and pulley p r o b l e m . 
3 a speed p r o b l e m . 
29) Twenty labours pull a heavy lorry of mass 4000 kg through a 
rope which makes 5 degrees to the horizontal at 1 m / s . The 
total force exerted by the labours is 2400 N. At what rate 
does the kinetic energy of the lorry increase? 
To solve this problem, you think that it belongs to 
1 a problem on kinetic energy. 
2 a problem on power. 
3 a problem on force and acceleration. 
30) A boy throws a ball vertically upward. The ball dust reaches 
the top of a tree. It takes 1.8 s to return to the 
boy's hand. Air resistance can be neglected. What is the 
height of the tree? 
The solution of this problem is 
1 0.4 m 
2 4 m 
3 40 m 
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PROBLEM SOLVING P R O T O C O L S 
Subjpct A Group : Control Sex ; Female APM : Low 
Questinn N n , ] 
I ： How did you do it? 
A : ... F i r s t , ... followed the b o o k , [1] 
.• l〒ss in p. e . is ^qual to gain in k.e, then [2] 
mgh IS equal … i n v ^ / 2 . r^i 
Then substituted the values … L i 
m could be e l i m i n a t e d . pr^ 
Then 10 x 6 = v V 2 . Then v ^ = 120 rsi 
V = 1 0 . 9 5 m s一 上 . T h i s w a s t h e w a y . [ 7 ] 
I ： Why there was an erased line? (There is an 
erased line) 
A : Because before I forgot to write d o w n . [8] 
Wrote loss in p . e . is equal to gain in k.e. [ 9 ] 
I ： Then what did you do? 
A : I， I erased it and rewrote. [10] 
As I did not w r i t e , I wrote immediately mgh [111 
二 m v ^ / 2 . 
I ： Finally? 
, ‘ • ‘ . 
A : Finally? I found the answer. [12] 
I :. Finally you got the a n s w e r . How did you solve 
the problem? How to answer the question? 
A : First looked for what did the question ask. [13] 
The question asks what is the s p e e d , that is v . [14] 
Then it has height and s o m e t h i n g . [ 1 5 ] 
Used them to calculate. [16] 
I ： This is the way to c a l c u l a t e . 
A : Y e s . [17] 
Questinn Nn. Ft 、] 
A : N o . 5， f i r s t . … ；, [18] 
Upward force is equal to the downward force. [19] 
Find W first. 300 + 600 = 100 + W. [20] 
Find W , W is equal to 800 N . [21] 
Then take moment about the centre • … [22] 
The clockwise (clockwise m o m e n t ) is equal to [23] 
anticlockwise (anticlockwise m o m e n t ) , 
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I 
\ I 
then 800 X + 300 x 1 m is equal to 600 x 1 m. [24] 
Then 800 X is equal to 300. X is equal to [25] 
0.375 m . 
I : Why did you cross this part? (A mark on the 
script) 
A ： … W r o t e an incorrect number. [26] 
I ： What was it? 
A : Put down an incorrect value 2, i.e. I [27] 
misunderstood the question. 
I ： O . K . How did you answer the question? 
A : … F i r s t looked for what does it ask for? [28] 
Find X .... It wants to find X’ [29] 
so ..... it is necessary to find W, [30] 
And then take m o m e n t . [31] 
I ： Followed by taking moment. And finally? 
A : Finally, find X . … [32] 
That is, substituting the v a l u e s . [33] 
Subject B Group : Treatment Sex : Female APM ： High 
Question Ho. 1 
I : Tell me how did you answer question no. 1? 
B : First I looked over the q u e s t i o n . [1] 
Then wrote the data on the diagram. [2] . 
Then started to list the equation. [3] 
Listed the equation and then calculate. C4] 
Then I found that the answer was unlikely [5] 
because friction existed and should not be so [6] 
fast. 
Then I thought it over. L M 
From past experience I got this answer. That [8] 
was the way. 
I : How did you get it? 
B : How to answer it? [9] 
I ： That is, how did you solve this problem? 
B : Loss in p.e. is equal to gain in k.e. plus [10] 




Then mgh is equal to mv^/2 plus force times [11] 
distance...• 
Then substitute the values and then simplify. [12] 
And get the answer and the u n i t . [13] . 
‘ \ ‘ ‘ 
I : T h e n , why did you write this first? (A 
crossed formulae loss in p.e. = gain .in k.e.) 
• • 
B : Because I did not realize this first [14] 
(friction). 
In most case, start writing . this (the 
crossed relationship above). [15] 
And then I found out that there was an [16] 
information (friction) that I thought should 
not be omitted. 
Then I recalculated. [17] 
i ‘ % 
. . . ’ 
I ： Why did you use this equation? 
B ： I thought it out. [18] 
As he moves d o w n , it is related to energy in [19] 
these cases. 
I : When did you known? 
B : .... I did not know. ... When I meet it I [20] 
know how to do it. 
I : How did you know this way? 
B : Because I did similar problems in the p a s t . [21] 
I : So? 
B : So I apply this equation. . [22] 
Question l^Q. 5 、 
B : Question n o . 5... First looked at the [23] 
diagram. 
At the very beginning, I planned to use this [24J 
(a point on the trestle). 
Then I found that this distance was more L2o] 
difficult. So I used this. 
And then • … t h e n substituted the values and [26] 
then calculated. This was the w a y . 
I ： First what did you write? How did you solve 
the problem? 
、B : First I thought that it was related to [27] 
moinent. 







I And then subs t i tiited va l ues into the equat j on . [29] 
I I : And then? 
I 
i • 
B : And then eliminate arid s i m p l i f y . Break ing [30 J ！ and integrating and get the a n s w e r . 
i 
i ) 
I I ： What is the answer? 
B : The answer is (1100 - W)/W m e t r e s . . [31] 
X , the distance we w a n t e d . 
I : T h i s was your a n s w e r . Any others? How did 
you know this? 
B ： A g a i n , it was related to something [32] 
encountered in the p a s t . 
I : Related to what? 
B : Moment .... this and d i s t a n c e and force are [33] 
r e l a t e d . , 
I had done this type of p r o b l e m s in the past [34] 
so I knew this m e t h o d . 
Subject C ‘ ^ Group : Control Sex ： Male APM ： High 
Oiue^siJLQXLJlQL J 、 
I : How did you solve the p r o b l e m ? 
！ 
C : ... Once I saw ... t h e n , I saw the slide had [1] 
height. 
Then height … i m m e d i a t s d ， J thought ... [2] 
e n e r g y , s o m e t h i n g , p o t e n t i a l e n e r g y . 
Together I knew the man had weight .... [3] 
Sliding down I thought of kin:线tic e n e r g y . [4] 
Then I will use the equation kinetic energy is [5] 
equal to p o t e n t i a l energy； 
Then put in the v a l u e s [ 6 ] 
F i n a l l y I got the a n s w e r . [7] 
I ： How did you come out this way? 
C ： This way? I saw the height of the s l i d e . [『J 
G e n e r a l l y , when having this and seeing the [9] 
h e i g h t a n d h a v i n g t h e l e n g t h of a s l i d e . . . 
N o , n o , w h e n s e e i n g t h e h e i g h t of a s l i d e , I [ 1 0 ] 
t h o u g h t o u t t h i s . 
I : When you answered the q u e s t i o n , what did you 
do first? 
C : F i r s t , f i r s t I w i l l — — l o o k at t h e d i a g r a m . [ 1 1 ] 
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I don't know w h y . . . Ha, ha ！ [12] 
Looked at this diagram I thought of [13] 
potential and kinetic energy. 
I : And then? 
C : And then manipulate ... then I found the [14] 
answer• 
I : And then got the answer. Any supplementary? 
C : … Must look carefully on the q u e s t i o n . [15] 
sometimes the diagram does not tell all. 
g m e ^ l D n Mo” 5 
C : Question n o . 5 ... First … I … [18] 
I : First of all, what did you do? T h i n k over. 
C : F i r s t , I looked over the question and then [17] 
the d i a g r a m . 
Looked at the diagram to see whether the [18] 
diagram was sufficient when compared with 
the q u e s t i o n . 
If it did n o t , put clown the information on the [19] 
diagram to facilitate ray u n d e r s t a n d i n g . 
And then ••• After looking it, I didn't have [20] 
confidence to solve it. 
So … ， I try to write down some information [21] 
for example upway (upward) force is equal 
to downward force. 
Clockwise is equal to anticlockwise and so on. [22] 
I got some marks at least... ^23] 
Then after writing upward is equal to d o w n w a r d , [24] 
七hen I try to see whether I could substitute in [25] 
some v a l u e s . 
Then I substitute ... L^^J 
calculate this one. t h e n . . . 
I : Calculate which one? 
C : Calculate the weight of the m a n , because the [27] 
d i a g r a m ? … 
The question asks us to find X, J 
but W is nothing (an u n k n o w n ) , [29—1 
so I filled this empty value first. 
After filling t h i s ,七 h e n take m o m e n t . . . Take [30J 
m o m e n t . . . take m o m e n t . . . . write clockwise is 
equal to anticlockwise ‘ 
because writing this point scores mark I think. 1-51] 
After w r i t i n g , substitutes the values for [3ZJ 
clockwise and a n t i c l o c k w i s e . 
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Finally 1 got the answer. [33] 
I : That is? 
C : That is， the value distance X... [34J 
After calculating, [35] 
I still had little confidence. [36] 
Anyway I completed something out. [37] 
i Subject D Group ： Treatment Sex ： Female APM ： Low 
QiiftRtion N o . 1 
I i 
D : First question.. • Find potential energy and [1] 
kinetic energy and work done against 
friction. 
I : Then? 
D : Put potential energy is equal to kinetic [2] 
energy plus work done against friction. 
Use it to find the velocity. [3] 
I ： Then? 
I D : Then... then find the answer. [4] 
I I : How? 
D : Substituting values into the equation. [5] 
I : What did you do first? 
D ： At first, I think.... [S] 
I : What was your first step? 
D : The first step … L o o k e d at the diagram. [7] 
I ： Why did you cross this out? 
D ： Because knowing it has friction. [8] 
I : So what? 
D : Then added friction that is wasted. [9] 
I : Why you crossed this out? 
i -
j D ： I wrote down the wrong number. [10] 




D ： Wrote something to make it clear. [11] 
I : How did you solve the problem? 
D : Wrote down the values on the diagram and then [12] 
solved it. 
I ： At first, how did you solve the problem. 
D : At first, solved this way. [13] 
I : That was? 
D : Looked at the text. [14] 
I : Then? 
D : Then did it. [15] 
I : Did what first? 
D ： ... [16] 
I : That was, you read the question and 
calculate. 
D ： Yes. [ I” 
Question Mo, 5. 
I : How did you solve question no. 5? 
D : Looked over the question and then the [18] 
diagram. 
I : Then? 
D : Then put the values on the diagram. [19] 
I : Then? 
D : Then started to calculate. [20] 
Put upward force is equal to downward force. [21] 
Find the weight of the man. [22] 
Take moment about a point and then clockwise [23] 
moment is equal to anticlockwise moment. 
Finding the man's distance and then the [24] 
previous take moment. 
Distance from point (left end) minus 1 is [25] 
equal to X. I 
I : Why did you cross this out? 
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D ： I wrote it down incorrectly? [26] 
I : On that diagram? 
D ： Put down something important. [27] 
I : Can you start from the beginning telling me 
how did you solve this problem? 
D : First read the question and then the diagram. [28] 
After looking the diagram, put down the [29] 
important things on the diagram. 
Then put upward force is equal to downward [30] 
force, then I got weight of the man. [31] 
then take moment about this side. [32] 
Then clockwise moment is equal to anticlockwise [33] 
moment. 
I got the distance between the man and the [34] 
point, the separation, 
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